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ABSTRACT 

This manual is intended to serve a number of purposes. First 
of all, it is a training manual which introduces potential users to the 
concepts of computer-aided planning, the models for sludge disposal that 
are imbedded in the computer programs, and the information which must 
be developed in order to use the programs. The manual is also a source 
book for setting up a data collection program to be used with computer- 
aided planning. It contains the coding which transforms the data into 
the proper form for processing by a computer. Thirdly, the manual 
provides detailed information on the structure of the computer program, 
so that it can be modified for special purposes or expanded to handle 
different planning problems such as refuse disposal. Only a minor attempt 
has been made to indicate the chronology of the project, the sources of 
information used and the problems tackled during its active life. In 
a very real sense, the User's Manual is the final product of work under- 
taken in the project, 

A general purpose computer program applicable to Che optimization 
of regional sludge disposal systems is described. The model upon which 
the computer program is built is a network of transport routes connecting 
nodes which represent sources of sewage sludge, intermediate facilities 
for processing or the temporary storage of sludge (such as vacuum filters 
or lagoons), and dead-end facilities for ultimate disposal (such as landfill 
or land spreading sites). Since the spreading of sludge on land is an 
alternative which will usually be considered, and as this is permitted 
only within certain portions of the year, the model permits intermediate 
facilities to be designated for winter storage of sludge which would 
otherwise be distributed to dead-end facilities which are seasonally 
restricted. 

The engineer-planner within the computer-aided method retains 
his essential position, but the nature of the work he does is changed by 
the technique. In addition to data collection, it Is his responsibility 
to postulate sets of facilities (without specifying their size, but only 
the upper limits on size) which are to be considered within the computer 
program. Using given transport costs per unit volume of sludge (as functions 



of travel time) and given functions of facility cost versus size, which 
must also be supplied by the engineer-planner, the computer program finds 
what combinations of facilities meet the disposal requirements at least 
cost and how sludge should be distributed from the sources to these 
facilities. The computer program actually prints out lists of the near 
optimal solutions to the planning problem. It then becomes the responsi- 
bility of the engineer-planner to analyse these solutions and develop, 
through the use of case studies, a solution which gives low cost sludge 
disposal and also satisfies aesthetic social and political considerations 
as well. 

To test the performance of the computer program, the Regional 
Municipality of Niagara supplied cost data, lists of potential disposal 
facilities and their locations, and data on sludge productions at the 
various waste treatment plants located within their boundaries. A detailed 
study of sludge disposal in the Regional Municipality was not undertaken; 
however, runs were made to examine the sensitivity of the computer generated 
solutions to assumptions in the cost data. Runs were made also for projected 
sludge production in 1980 and 1990. This yielded a picture of the develop- 
ment of the sludge disposal system with time. It is perhaps this aspect 
which may be most valuable to the engineer-planner, since long term studies 
are hardly conceivable without computer assistance. 

A second computer program was developed in Che course of this 
project to plan an optimal transport system to move from sludge to sources 
to the chosen disposal facilities. Given depot locations for the trucking 
fleet, the carrying capacity of trucks, and an operating factor, the 
computer program generates the least cost schedule of pickups for the sludge 
disposal network. Allowing depot locations and truck sizes to vary, a 
case study approach can be used to find an optimal transport system for 
sludge. Conditions of this contract only permitted development of the 
basic computer program for this task. Although this program has been 
tested on a hypothetical example, application to a real system will probably 
be necessary before it can be released for general use. Some polishing 
of the program to simplify data input and improve the computer printout 
is also required. 
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RESUME 



Le present ouvrage se propose de repondre a plusieurs besoins. 
Nous avons voulu creer une introduction a la planif ication informatisee, 
aux modeles d' elimination des boues (qui se trouvent intercales dans 
les programmes d'ordinateurs) ainsi qu'aux donnees de base servant a 
actualiser les programmes. Nous avons voulu en faire une methode 
fondamentale pour recueillir les donnees qu'exige la planif ication 
automatisee. Le manuel renferme aussi les codes permettant d 'adapter 
les donnees au traitement informatique. Enfin, il expose en detail 
la structure du programme de planif ication afin que les utilisateurs 
puissent 1' adapter a des fins precises ou le developper pour resoudre 
certains problemes particuliers au traitement des dechets. Nous 
n'avons accorde qu'une importance secondaire a I'ordre chronologique 
des travaux, aux sources de renseignements et aux problemes qui se sont 
poses. Ce manuel est, en fait, le resultat ultime du projet realise. 

Le lecteur y trouvera la description du programme informatique 
general con^u pour optimiser les precedes regionaux de traitement des 
boues. Cg programme s'lnspire du modele d'un reseau de transport 
reliant les sources de boues residuaires a certaines stations interme- 
diaires de transformation ou d' entreposage temporaire (f litres aspirants 
ou bassins de stabilisation) et, enfin, aux amenagements terminaux ou 
elles se dispersent (lieux d'enfouissement ou d'epandage). Puisque 
I'epandage est courant, mais ne peuC se faire que hors de la saison 
du gel, le modele prevoit que certaines stations intermediaires designees 
devraient retenir, pendant I'hiver, les boues qui en temps normal sont 
acheminees vers les degaganents terminaux, 

L'ingenieur planif icateur, seconde par 1' informatique, demeure 
indispensable, mais la nature de son travail se trouve modifiee. En 
plus de recueillir les donnees, il a la tache de definir les ensembles 
d' Installations (il suffit d'en estimer le debit maximal) qui interviendront 
dans le programme d'ordinateur . A partir du cout unitaire du transport 
des boues (en fonction du temps) et des fonctions cout-capacite des 
installations, tous fournis par l'ingenieur planif icateur, le programme 
determine les combinaisons d* installations les plus economiques et aussi 
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les modes de distribution qui conviennent le niieux depuis les sources de 
boues jusqu'aux stations identifiees. En fait, l*ordinateur produit une 
liste des meilleures solutions au probleme de planif ication soumis. II 
incombe ensuite a I'ingenieur planificateur d'analyser les solutions 
a la lumiere d'un certain nombre d'etudes de cas. II en arrive ainsi 
a proposer un systeme economique qui satisfait en meme temps les 
considerations d'ordre esthetique, social et politique. 

Afin de mettre a I'epreuve I'application du programme infor- 
matique, la municipalite regionale de Niagara a fourni des donnees 
relatives aux couts, une liste d' installations possibles preclsant leur 
emplacement, ainsi que des donnees sur le debit des diverses usines de 
traitement de la region. En fait, la municipalite regionale n'a pas 
etudie en detail son systeme d'evacuation de boues. Cependant, elle 
a fait des essais du programme, a I'aide d' estimations hypothetiques 
des couts, pour en verifier la sensibilite, a la lecture des solutions 
fournies par I'ordlnateur . La machine en a egalement obtenu des pro- 
jections du volume des boues pour la decennie 1980-1990. Comrae 
resultat. nous avons pu etablir de profile temporel de 1' evolution du 
systeme de traitement des boues. C'est probablement cet aspect de la 
planificatton informatisee qui interesse le plus I'ingenieur planificateur, 
II lui est tres difficile, en effet, de realiser des etudies a long 
terme sans le secours de I'ordinateur . 

Un second programme informatique elabore au cours des nos 
travaux permet de planifier un systeme optimal pour transporter les 
boues de la source aux installations identifiees. L' emplacement des 
depots de camions etant connu, ainsi que la contenance des bennes de 
ces derniers et un certain facteur lie a leur utilisation, le programme 
livre le schema de collecte le plus economique. La capacite des camions 
etant variable ainsi que 1' emplacement des depots, une etude de cas 
permet de determiner le systeme de transport optimal. 

Notre mandat nous a seulement permis d' etablir le programme 
informatique de base. Nous avons pu en faire I'essai au moyen d'une 
exemple hypothetique, mais il faudra le roder dans des situations reelles 
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avant d'en generaliser I'usage. II faudra aussi le polir afin de 
simpllfier I'entree des donnees et d'ameliorer la presentation des 
resultats a la sortie. 
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PREFACE 

During the 1950's and 60's, with the impetus of the Ontario 
Water Resources Commission, numerous sewage treatment plants were built 
throughout Canada. The result of this, as time went by, was that the 
problem of sludge disposal became one of concern for many municipalities. 

Traditionally, in Canada, the disposal of solid wastes and sewage 
sludge is the responsibility of each municipality, industry or individual. 
However, the growth of urban areas, often by amalgamation of many areas, 
left a number of small plants and dump sites to be operated by one poli- 
tical body. 

This, of course, resulted in a two-fold problem: the first, 
of coordinating the various facilities and, the second, the matter of 
planning the possible interconnection, enlargements or deletions in the 
expansion of a growing area. 

In addition to the above, public concern about pollution hazards 
has mounted, with the result that casual dumping is no longer acceptable^ 
This has forced many municipalities to re-examine disposal practices. 

Political considerations and spiraling costs have dictated a 
need for detailed and comprehensive planning in the disposal of waste 
products. The ready availability of computers now makes this planning 
possible. The purpose of this report is to show how a proper program 
with the aid of computers can be of great help in making the proper 
planning decisions. 

The method described in this manual is properly termed "a 
computer-aided planning method". By no means is it a method whereby one 
presses a button and out spews reams of paper detailing a regional plan 
for sewage sludge disposal. The concept is an interactive one. The 
engineer-planner assembles information on the disposal problem which the 
computer manipulates to serve up one or more answers. In turn, these 
cause new questions to be asked, the computer yields new answers, and 
so on. From this process of question and answer eventually emerges 
a comprehensive plan for sludge disposal. 

Just as in a traditional planning problem, the engineer must 
project sludge production, select disposal alternatives , examine financing. 
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choose sites and interact throughout with the public at large. The 
availability of the computer changes none of this. Its role is to sort 
out the multiplicity in types of facilities, sites and sludge sources 
into a plan capable of meeting the disposal needs at least cost. The 
work of the planner remains heavy; the computer provides him with a tool 
for producing a better plan. 

One of the many objectives of the Canadian Federation of Mayors 
and Municipalities is the sharing of information among member municipa- 
lities to permit each to provide better services to its citizens at lower 
cost. The Federation's contribution to this manual recognizes its legi- 
timate responsibility to provide useful information to its members. 
The planning method which this manual presents is felt to one whose use 
is well within the capabilities of consultants who provide planning for 
smaller municipalities and the planning departments of the larger municipal 
units. Although the computer program which forms such an important part 
of the method is efficient and skillfully written, it does not represent 
the ultimate in sophistication. A compromise has been made between the 
storage requirement of the computer program, its running cost, versa- 
tility and ease of use on one side, and the completeness of the plan it 
furnishes on the other. Interaction between computer and engineer 
required by this compromise is believed to be a benefit rather than 
a burden. 
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X* INTRODUCTION 

Tuo topics to be dealt with In this chapter are the purposes 
of this manual and how it is best used. 

For those interested in the history of how and why this manual 
developed, a special appendix (Appendix I) entitled "Project History" has 
been added. 

1.1 Objectives 

This manual is Intended to serve as a source book; it is both 
an introductory text and a detailed reference. For administrators, its 
purpose is to show the complexities of planning for sludge disposal, 
to introduce computer-aided planning and the type of information required 
to use it, and lastly to indicate computing requirements. After reviewing 
this manual an administrator should be able to estimate the cost of 
planning, and the manpower and the time which will be required. Still 
more important, an understanding of the procedure will permit an adminis- 
trator to understand the assumptions that have been built into the 
planning method and, thus, weaknesses in plans developed by the technique. 

The manual is intended equally to serve the engineer-planner. 
In addition to general information, as valuable to him as to an adminis- 
trator, the manual supplies details on use of the computer program. 
Diagrams and listings have been included to assist the user in checking 
data or making program modifications if and when that becomes necessary. 

This manual is intended, too, to serve as a textbook for a 
series of workshops to be held across Canada. These workshops are to 
introduce planners to computer-aided planning of sludge disposal and to 
danonstrate the advantage of this approach. 

1.2 How to use the Manual 

The manual is divided into three parts: 

1) general description of the planning process for sludge 
disposal and the computer contribution, 

2) information details required for the computer program, and 

3) discussion of the operations carried out in the program. 



If you are an administrator supervising planning exercises, only 
the first part, a general discussion of planning and the use of computers 
will be pertinent. Chapters 2 and 4 form this part. They have been written 
to be read in sequence. Chapter 2 discusses the problem of sludge 
disposal planning on a regional scale, the benefits achieved by a compre- 
hensive approach, and the role of the computer. The Niagara region 
serves as an example in this discussion. Chapter 3 examines the planning 
processes. Some of the steps in the process are discussed, particularly 
anphasizing how the information needed is obtained. Use of a computer 
to select a plan entails a "model"; Chapter 4 discusses the "model" 
assumed by the computer program. 

The three chapters that we have suggested you read are short. 
Since their concepts are rather simple, the material can be covered in 
an hour or so of study. At the end of this time, you should know enough 
about the computer-aided technique to decide whether to use it in your 
region or municipality. 

If your jurisdiction has decided to use the method, you may, 
as the administrator responsible, want to examine the second part. Chapters 
5 to 7, once your study Is underway. This will provide you with the 
background to communicate with the engineers carrying out the study. You 
will understand better what they are accomplishing and be in a better 
position to assist them in overcoming the problems encountered. 

The second part of the manual. Chapters 5 to 7 , has been written 
with the engineer -planner user in mind. As a user, however, we recommend 
that you review Chapters 2 and A quickly before you undertake the chapters 
following. Chapter 4, which describes the model employed in the computer 
program, should not be overlooked. 

Chapter 6 and Appendix IV are the key sections for users. The 
former discusses the information needed for the computer and how it must 
be formulated mathematically for use in the program. Appendix IV organizes 
the information gathering by means of a questionnaire and then shows how 
this information is punched into the input data deck. 

To see how the information is handled in a specific situation. 
Chapter 7 describes the application of the computer program to planning 
sludge disposal for the Regional Municipality of Niagara. The chapter 



also explains the planning information printed out by the computer for 
the Niagara Region. This information is interpreted at the end of the 
chapter . 

Chapter 5 should be read after you have reviewed the general 
material in Chapters 2 to 4. It does not give instruc tions for employing 
the computer program, but rather describes the computing techniques used 
and how the program is put together. The chapter also discusses the 
options built into the program for versatility and ease of use . 

Appendices V and VI need not be read by most users of the 
program. These have been included for persons with high-level skills 
in programming who may wish to have details to make modifications so that 
the program can be made more suitable for specific jobs. Frequently, when 
modifications are raade» bugs arise; and to eliminate these it is often 
necessary to have a program flow chart and a listing. The listing is 
given in Appendix VI. As a user, you will not need to study these appendices 
unless data checking or program modification is required. 



2. THE SLUDGE DISPOSAL PROBLEM 

The problem and choices facing the engineer-planner in sludge 
disposal are the subjects of this chapter. We will consider, as well, 
the role a computer can play in the planning process. The process is 
described in Chapter 3 and the model for sludge disposal will be develop- 
ed in Chapters 4 and 5. We will develop the discussion in this chapter 
using sludge disposal in the Regional Municipality of Niagara as an 
example. The computer program for planning sludge disposal was tested 
on cases suggested by this Regional Municipality during its development. 

The regional municipality came into being in 1969 an as amalgama- 
tion of the Cities of St. Catharines, Welland, Thorold, Port Colborne 
and Niagara Falls. Included in the amalgamation were the smaller urban 
communities of Grimsby, Lincoln, Pelham, Fort Erie and Niagara-on-the-Lake, 
and two largely agricultrual townships. West Lincoln and Wainfleet. The 
population of the region is about 275,000 and about half of this is centred 
in the industrial belt taking in St. Catharines, Thorold and Welland. 
There is a broad range of industry in this belt and extensive farming 
is carried out between urban agglomerations and in the back townships 
away from the lakes. The population is expected to increase to about 
350,000 in 1980 and about 450,000 by 1990. 

2,1 Sludge Disposal in the Regional Municipality of Niagara 

Before amalgamation into a regional municipality, the cities 
and most of the towns of the region had individual treatment plants. 
The nature of the plants is indicated in Table 1. Since the formation 
of the regional municipality, an attempt has been made to rationalize the 
waste treatment facilities. This is indicated to some extent in the 
table; for example, a group of small and, in some cases, antique treatment 
plants are being replaced in the next few years by a single plant serving 
the Grimsby area. 

Table 1 indicates sludge production in 1972 in most of the 
plants operated by the regional municipality. Sludge handling facilities 
are also summarized. Digestion is generally used. Three of the four 
largest plants in the region are equipped with vacuum filters. The main 
Niagara Falls pla.nt pumps digested sludge to a drying lagoon. This 
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TABLIi 1. SEWAtJh: TRi':ATMENT AND SLUDGE PRODUCTION - RECTONAL MUNICIPALITY OF NIAGARA 



Wl 



Plant Location 
Niagara Falls 

Ni.ie;ar:i Falls* 
(Chipp.iw.-i) 

Nlagara-on-thd-Lakt.' 

Garden City Riicfway 

St . Catharinoti 
(Port DalhnijsLL') 

St . Catliar inos 
(Port Weller) 

Wei land 

West Lincoln (Smithvillc) 
Grimsby** 
Grimsby** (Beach) 
Lincoln** - Beamsville 
Griin:5by B iggar Lagoon 
Port Colborne (West side) 
Port Colborne (Kast side) 
Fort Erie 
Fort Erie (Crystal Beach) 



"l:SSB Design Flow 

Primary (Digestion, Vacuum 10.0 Imgd 
Filter & Sludge Drying) 



Activated Sludge 0.3 

(Digestion) 

Lagoons •*■ 

Lagoon — 

Primary (Going to Secondary) 9.0 
(D igestion. Vacuum Filter) 

Activated Sludge 8.25 

(Digestion) 

Primary (Digestion, 8.0 

Vaccum Filter, Drying Beds) 

Lagoon 

Activated Sludge (Digestion) 0.375 

Imhoff Tank 



Lagoon 

Activated Sludge (Digestion) 
Activated Sludge (Digestion) 0.85 
Primary (Digestion) 1.8 

Activated Sludge (Digestion) 0.85 



Actu al Mean Flow 
7.6 Imgd 

0.46 

O.iS 
0.006 
10.3 

9.45 

7a 

Heavily overloaded 
Heavily overloaded 
Heavily overloaded 

2 .2^ 
1.32 

2.17 



Sl udg e Product ion 

1 .7 Imgd 
(3,183 cu/yd dried 
sludge) 

0.25 



1.5 



1.3 



0.154 
0.094 

0.014 



+ 1972 Data 

* Pl;int phased out 

** To be replaced by Grimsby-Lincoln facility 



sludge is taken up when dry and windrowed on the plant property. 

Sludge disposal prior to amalgamation was totally decentralized; 
each waste treatment plant arranged for disposal of only the sludge 
generated in its plant. This is hardly surprising since the plants were 
operated by independent jurisdictions. Even in regions of Canada where 
there is a single jurisdiction, decentralized disposal remains in frequent 
use. The City of Vancouver, for example, presently handles sludge from 
its three waste treatment plants in this way. The Lion's Gate plant 
disposes of sludge by pumping it into the Bay. The Richmond plant employs 
centrifugation followed by incineration, whereas the Tona Island plant 
uses a lagoon system. The decentralized system probably developed 
naturally because the waste treatment plants are widely separated geogra- 
phically and were built at different times. 

As indicated in Table 1, sludge disposal is handled quite 
differently in the various waste treatment plants serving the Niagara 
region. We will return to this problem further on because it poses a 
special problem for comprehensive planning. 

The Niagara Falls plant dewaters sludge in a drying bed. The 
windrowed sludge is piled at the plant site, and can be removed by anyone 
in any amount with the city's permission. Compared with the rest of 
Canada, this drying of sludge by Niagara is typical. About 40% of the 
larger municipalities in Canada use drying beds (Viraraghavan, 1972). In 
Ontario, it is more common with plants of 7-8 mgd (eg. Guelph, Niagara 
Falls, Sarnia) than with plants of other sizes. 

It is typical to remove sludge from drying beds while it is 
still very wet and to dry it further by windrowing. The object is to 
apply as much sludge per square foot per year as possible, to optimize 
the drainage characteristics of the beds, and the balance between applica- 
tion frequency and depth. Weather has an important influence on bed 
performance, especially in winter. In Canada, it might be typical to make 
si-x applications a year, each eight inches deep; in parts of the U.S.A. 
where freezing is not a problem it might be typical to make ten applications 
a year (Imhoff and Fair, 1956). 

It is difficult to project the future for drying beds. They 
require labour and a demand for dried sludge. The labour input means the 



cost of disposal will rise from year to year. Demand requires nearby 
intensive commercial farming. However, Niagara Regional personnel are 
currently quite satisfied with the operation of this system. 

Prior to formation of the Niagara Municipality, the Port 
Dalhousie and Welland plants used vacuum filters to produce a dewatered 
sludge. In each plant, different contractors were brought In to haul 
away this sludge. Digested activated sludge from the Port Weller, Port 
Colborne and Fort Erie facilities was picked up by these contractors and 
disposed of, usually through spreading on fallow or agricultural land. 
Arrangements for spreading sites were in the hands of the contractors. 

Contracting for the disposal of sludge, as practiced in Niagara 
before regionalization, is widely used. It removes from the municipality 
a responsibility which is beset with technical problems and is often 
the source of the loudest complaints by environmental groups and home 
owners. Arranging for a disposal site for either spreading or landfill 
can often lead to political donnybrooks. 

Sludge disposal practice in Niagara did not change until a few 
years after formation of the Regional Municipality. By 1972, the Regional 
Municipality had centralized its sludge disposal system. Instead of 
letting contracts for each plant in the region, a single five-year 
contract for sludge disposal was awarded to a private disposal service 
company for sludge removal from all the major plants with the exception 
of the Niagara Falls installation. That plant continues to use a drying 
bed - windrow system. The contractor established a holding lagoon in 
Lincoln and, according to Region officials, is spreading the sludge 
on either agricultural or fallow land. Trucks used for haulage are 
owned by the contractor and are garaged at one depot. 

In line with the experience of other municipalities, contracting 
out sludge disposal has not been a totally satisfactory arrangement for 
the Niagara Municipality, even though a single contractor has assumed the 
disposal responsibility. The holding lagoon in Lincoln established by 
the contractor has been the subject of complaints by environmental groups, 
residents and now, town councils. The complaints must still be handled 
by the Municipality, although the responsibility for the operation is in 
the hands of the operator. Weather conditions appear to severely influence 



sludge spreading in Niagara, Since the contractor uses spreading for 
ultimate disposal, his ability to remove sludge depends on weather condi- 
tions, and the quantity of sludge withdrawn from the Region's digesters 
may vary from year to year. It has fallen on the Region to find ways 
of extending land spreading or finding disposal alternatives. Furthermore, 
municipal officials believe the contract price of 1.6c/gallon of sludge 
removed is higher than it would cost the municipality if it were in a 
position to handle sludge disposal. 

2. 2 Future Disposal Plans for the Regional Municipality 

Because of some dissatisfaction with the present methods of 
contracting out the disposal of sludge, the Regional Municipality 
retained a consultant to review its disposal problems. His report 
considered several methods as follows: 

a) Landspreading on land owned or controlled by the Region. 

b) Drying beds with windrowing and sale of dried sludge. 

c) Use of existing vacuum filters in three plants followed by 
dumping as landfill or spreading on low quality agricultural 
lands. 

d) Installation of a centrifuge in two of the Regional plants 
and disposal as in (c) above. 

e) Flash drying the sludge to be sold or incinerated. This 
was considered impractical for the Region and, in addition, 
incineration is in opposition to the Ontario Ministry of 
the Environment's preference for land disposal. 

For all alternatives, a centralized disposal system was assumed. 
Figure 1 shows the location of facilities which the Regional Municipality 
assumes will be operating during the next few years. Notice that in this 
projection, the group of small plants in the Grimsby-Lincoln area 
indicated in Table 1 have been replaced by a single plant and the smaller 
plants elsewhere in the region have been phased out. The land for 
spreading, or in the second alternative, the drying lagoon, was assumed 
to be available at a location equidistant from the Port Dalhousie-Port 
Weller, Welland and Niagara Falls pollution control plants (or about in 
the middle of Thorold). In the other two alternatives considered by the 
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FIGURE 1. LOCATION OF TREATMENT PLANTS (SLUDGE SOURCES IN THE REGIONAL >fUNICIPALITY OF ^!IAOARA) . 



consultant, all sludge produced In the region would be trucked to the 
existing vacuum filters or to the two centrifuges and then disposed 
of centrally. 

Now it should be clear that the consultant considered in his 
study (which was not a planning study) only a miniscule number of the 
possibilities available. For example. Figure 1 shows that sludge must 
be trucked a considerable distance from Grimsby-Lincoln or Port Colborne 
to be disposed of by land spreading at a location near Thorold or dewatered 
by vacuum filters in the Port Dalhousie or Welland plants. Large acreages 
of agricultural land are located near both these sludge sources so 
certainly sludge disposal locally should be considered for Grimsby- 
Lincoln or Port Colborne. On the other hand, the Port Weller, Port 
Dalhousie, Welland and Niagara Falls plants are close enough together to 
consider a single central disposal facility to serve all four plants. 
Without much effort, you can suggest a great many alternatives: combina- 
tions of land spreading and use of vacuum filters, use of one vacuum 
filter (instead of all three) and land spreading, lagooning sludge in 
the central area and land spreading in the outer Grimsby-Lincoln and 
Port Colborne areas, and so on. It becomes a staggering task to evaluate 
all these alternatives. 

Faced with the problem of considering the large number of 
alternatives, the engineer-planner can only fall back on looking at a 
fully decentralized sludge disposal system where disposal is planned for 
each plant as though it existed alone (even in this approach, a large 
number of alternatives must be dealt with), or he can evaluate single 
central facilities just as Niagara's consultant did. If he has a good 
deal of time or a number of assistants, the engineer-planner might evaluate 
a few of the obvious combinations as well as the fully centralized 
system. 

As you will see in Chapter 7, when the computer-aided planning 
technique is applied to the Niagara Region, neither a fully centralized 
nor a fully decentralized disposal system gives the least cost. In 1975, 
the Regional Municipality should use four of the eight land spreading 
sites it is possible to acquire, and one of the lagoons . The existing 
vacuum filters probably should remain in mothballs. By 1985, however, 
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increasing sludge production would make it attractive to activate one 
of the filters, although much of the sludge would still be land spread 
without dewatering, 

2.3 Summary of the Planning Problem in Sludge Disposal 

At this point, we can sum up our examination of sludge disposal 
In Niagara in the form of a few of what could be called truisms. These 
can be looked upon as the "problems" of planning or the "challenges", 
as you prefer. 

First of all, the use of contractors does not absolve a munici- 
pality from responsibility for how its sewage sludge is handled. Complaints 
from home owners near disposal sites or along trucking routes still must 
be fielded by municipal officials, regardless of whether disposal facilities 
are operated by the municipality or by a contractor. Technical problems 
in disposal also fall to the municipality, mainly through default because 
contractors may not have the manpower or the facilities to resolve them. 

Competition in the sludge haulage and disposal business is 
hardly ideal. A municipality not prepared to handle sludge disposal 
itself must accept disposal fees set by contractors. Costs cannot be 
controlled in this way. Thus, there is a trend developing whereby regions 
or municipalities are becoming more deeply involved in sludge disposal, 
even to the point of operating the disposal systems themselves. 

In regions where there is fallow, agricultural or wooded land 
available, there are usually many technically feasible alternatives for 
sludge disposal. No universally applicable sludge disposal method has 
become proven by either economic forces or government decree. The circum- 
stances in a region or municipality dictate the choice of alternatives. 

Rarely will the extremes of a 100% decentralized or a centralized 
system of sludge disposal emerge as the economically optimal choice. Some 
mixture is usually best. Centralization leads to large facilities which 
generate economy of scale: facility cost per cubic yard of sludge will 
be less as the facility gets larger. Central facilities, on the other 
hand, mean longer transport routes and higher transport costs. Of course, 
decentralization keeps transport cost low because disposal facilities 
usually will be located near sludge sources. The sizes of facilities 
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will be smaller, however, so the facility unit costs will rise. Lowest 
overall costs, the optimum from a strictly economic standpoint, often 
occur through a compromise between economy of scale and keeping transport 
distances reasonable. 

Unfortunately, the compromise situation can be difficult to 
devise by simply looking at a map of the region or by other acts of 
simple reasoning. Once there are more than two sludge sources, two 
disposal alternatives, and a few possible locations for the disposal 
facilities, the number of possible disposal plans becomes alarmingly 
large. The number increases exponentially with the number of possible 
facilities. In this situation, computers must be used to compare all 
the possible plans and choose those yielding the least cost. This is 
the simple philosophy behind the computer-aided technique described in 
this manual. 

There are other problems which are not well illustrated by the 
Niagara Region discussion. What should be the size of a region? This 
can often be answered by limiting a planning region to the geographical 
region under a single political jurisdiction. This is the case in Niagara 
where the planning region is the area within the boundaries of the Regional 
Municipality. There may be cases, however, where municipalities could 
lower costs by devising a joint disposal system. Thus, the size of the 
region for planning purposes cannot always be dismissed lightly. 

What time period should be used for sludge disposal planning? 
Should the plan developed meet the disposal needs next year, a decade 
away or fifty years from now? What projections of sludge production, 
availability of disposal sites and relative costs of disposal alternatives 
can be made? 

What are the criteria for an acceptable disposal plan? A 
disposal facility must not cause pollution itself; but how should noise 
and odour or nuisance be evaluated? The criterion easiest to apply is 
the one of cost. Theoretically , the plan adopted should cost no more 
than other alternatives. Yet jurisdictions which initiate planning 
studies are political bodies , so cost cannot be the only consideration 
in selecting a disposal system. 

We will attempt to deal with these questions In the following 
chapters. 
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I« THE NATURE OF COMPUTER-AIDED PLANNING 

In the previous chapters, the terms "comprehensive planning", 
"systematic planning" or "computer-aided planning" have been used. 
These terms will be explained in this chapter. The steps involved in 
solving the planning problem will be described one by one. Since the 
structure of planning is similar regardless of the application, many of 
the steps will be familiar to you. Other steps, necessary because a 
computer is used, will be new. The discussions of these steps will 
serve to introduce the thorough treatment of data organization contained 
in the latter chapters of this manual. Succeeding chapters are devoted 
entirely to the computer program used in the planning method. 

3.1 Overview 

3.1.1 Implications of computer use on the planning process 

Planning of all types exhibits many common features. Computer- 
aided methods are not exceptions. All planning processes can be broken 
down into: 

1) definition of the planning problem; 

2) development of alternatives; 

3) collection of data; 

4) evaluation of the alternatives and selection of the optimal 
solutions; and, 

5) testing or adoption of the solution and eventual further 
development. 

These components, of course, will be recognized by planners and by anyone 
involved in solving technical problems. It is their special characteristics, 
derived from the use of a computer, that are of interest. 

Computer use, first of all, permits a much more thorough con- 
sideration of the planning problem. A variety of aspects of the problem 
can be explored, such as the sensitivity of the best solutions found to 
the assumptions made, and how the solution changes with time. Many more 
alternatives can be examined; premature elimination of alternatives due to 
prescreening can be avoided. Prescreening, the conventional activity 
of eliminating alternatives for which detailed evaluation is "not 
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worthwhile", assumes knowledge of what the solution will look like or 

how different parts of the system interact. If the system is complicated, 

valid solutions may be overlooked by prescreening. 

To take advantage of the power of the computer, it is attractive 
to turn effort spared on the elimination of alternatives into data 
collection. Because of the exactitude offered by a computer, the precision 
of the data is significant as well as its quantity. It is this that 
is perhaps the most immediate and widely felt effect of computer use 
in planning: data collection becomes more important and time-consuming. 

However, there are restrictions on the role of the computer in 
the planning method. As data must be processed by the computer in 
quantitative form, it cannot use qualitative information. All the data, 
including the descriptions of facility locations and transport routes, 
must be reduced to a numerical form which can be manipulated by the 
machine. Fortunately, this task is just a matter of learning a few 
conventions and then it is largely a mechanical operation. 

The computer performs the evaluation of alternatives and 
thereby makes this step a small one in terms of time and effort for the 
engineer-planner- It is this potential sharp reduction of time and 
effort in evaluation, and the opportunity of doing a more thorough job, 
that makes computer use attractive for planning work. 

Recapping briefly, the impact of computers on planning in 
terms of the structure at the beginning of this section is that step 2 - 
development of alternatives - can be broader and less exact, while step 
3 - collection of data - demands more effort than would normally be 
expected without computer use. On the other hand, step 4 - evaluation of 
alternatives and selection of the optimal solution - becomes a very much 
easier task. When done competently, the net total effort would not be 
expected to be significantly different from that required by conventional 
methods; but more complex problems can be handled and better plans can 
be obtained, 

3.1.2 Structure of the computer-aided planning process 

Figure 2 is a block diagram showing the sequence of tasks 
that must be undertaken in planning a sludge disposal system. The tasks 
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are those introduced in the previous paragraphs. In the succeeding 
sections we will thoroughly examine the details of most of these tasks. 

As may be expected, the compilation of data, including the 
construction of the computer model, entails the most work. The computer 
needs to be given several alternative sites for sludge disposal facili- 
ties of different types. These must be sites that exist or are really 
feasible. In order that the computer may find the best combination of 
alternative facilities, their best sizes and the best way to distribute 
sludge among these facilities from the sludge sources, it must be given 
cost coefficients that relate annual cost to facility size and to 
transport quantities. A great deal of space is devoted to the description 
of these tasks as they are not totally familiar to conventional planners. 

The arrows in the figure show the sequencing which normally 
would be followed- The heavy line going in a backward direction from 
computer evaluation to formulation of data for use as case studies 
indicates that an iterative process is usually involved. It is because 
of this iterative nature that the method is described as a computer- 
aided rather than a computerized technique. The engineer-planner is 
not left out of the evaluation process. Instead of computerizing evalua- 
tion totally, which would mean handling the time changes in the system, 
formulating on optimal investment strategy, and automatic sensitivity 
analysis, what could be called a case approach has been chosen. A case 
is a set of data to produce a plan for a point in time for a certain set 
of assumptions about cost coefficients, facility size limits and boun- 
daries of the planning region. Cases must be formulated by the engineer- 
planner. Human judgement involvement in the choice of cases to be examined 
greatly reduces the size of the computer program. It also makes the 
computer program easier to use and more versatile. For example, the 
case study approach is suitable for simple problems where an investment 
program is not required, as well as more complex ones in which the 
introduction of new facilities to meet rising sludge production and the 
schedule of investment are to be examined. It is where flow lines in 
Figure 2 lead upwards rather than downwards that "interactive" use 
of the computer programs occurs. 



16 



Two solid upward directed lines are shown in Figure 2. Both 
go from an "evaluation of the computer run" block to a "formulation of 
cases" block. Both represent user responses to computer results by 
calling for new cases to be run. The solid line indicates that we 
believe this "interaction" will be utilized routinely as part of the 
planning study. The uppermost return line shows use of the "interaction" 
for facility choice and location, while the bottom line shows it for 
planning the transport system. The latter is not treated in this manual; 
however, a computer program called SCHEDl has been developed, which is 
described briefly in Appendix VIII. 

The dashed upward lines on the left side of Figure 2 suggest 
iterative processes which will occur much more rarely. For example, 
as a result of an analysis of the computer solutions to the planning 
problem, the engineer-planner may wish to redefine the problem that he 
is working on. The boundaries of the system might be changed or the time 
period for the study could be altered. This is suggested by the long 
dashed line going from the first "computer evaluation" block back to 
the top "definition" block. The engineer-planner might wish to consider 
different sets of sludge disposal alternatives. As a result of the 
costs developed for land spreading, it might seem worthwhile to him 
to consider using incineration. A dashed line, again, indicates this 
possibility. 

Even though the program discussed in this manual was not written 
in an interactive mode* because of the quantity of its input and output, the 
planning technique illustrated in Figure 2 is basically an interactive 
one. Figure 3 summarizes the engineer-computer relationship. 



* The current meaning of an "interactive" computer program is a program 
which types requests for data at a time sharing terminal at which the 
data can then be entered by the user as input, which causes the program 
to run and type out the results and a request for new data. Our program 
was not designed to do this because its input and output constitute quite 
large data files. This does not mean, however, that the program cannot 
be used with one of the new "interactive" terminal systems (eg. IBM's 
CMS) which give the user the file manipulation power and execution speed 
of a computer operator. Of course, the program still would not actually 
type out requests for data, but anyone capable of using such a terminal 
would not need such prompting. Our use of the word "interactive" is 
different from either of these two meanings, as explained in the text. 
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The operation performed by the computer program will be discussed in 
Chapters A and 5. In the remainder of this chapter the other blocks 
shown In Figure 2 will be examined. 



3.2 



The Nature of Each Task 



3.2.1 Definition of the planning problem 

The first block in Figure 2 deals essentially with what is 
required in the solution of the planning problem. Often, this is described 
as the scope of the planning study or the terms of reference. 

Considerations involved in defining a planning problem are 
shown dlagrammatlcally in Figure 4. The starting point is the need for 
a sludge disposal plan. This need can arise in various ways. Its source 
is Important because it delineates the scope of the planning study through 
the steps indicated in Figure 4. Perhaps a regional municipality might 
wish to establish a sludge disposal plan as part of an overall development 
plan. For a plan of this type, a fairly long time period, as much as 
25 years might be required, but a high level of detail might not be 
necessary. It might be sufficient to indicate the type of facilities 
and roughly where these facilities could be located. On the other hand, 
the need for sludge disposal planning could be triggered by a specific 
question, such as what would happen to a regional system if a new town 
with an accompanying industrial district was created within the regional 
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boundary. For this need, the time horizon might not be important; the 
situation after the new town had been constructed, at just one point 
in time, could be considered. However, in this case, a high degree of 
detail might be required. The regional municipality might wish to know 
the exact size of the facilities needed, their location, and their cost 
in order to bring these factors into the decision to approve the new 
town or not. 



Need for Plan 



Time Horizon 




Detail Req. 



Resources of 
Agency request- 
ing plan 



Region Bounds 



Scope (Terms of Ref- 
erence) of Planning 
Study 



Support Avail- 
able for Plan 



FIGURE 4. CONSIDERATIONS IN DEFINING THE PLANNING PROBLEM 



Figure 4 suggests the important considerations in setting the 
scope of a planning study. The term "time horizon" appears in the figure 
and has been referred to before. The term means the period of time the 
planning exercise is to plan for. A sludge disposal system designed for 
a time horizon of five years might look quite different from one designed 
to serve for 25 years. 

In deciding upon a time horizon, a certain amount of realism 
must be maintained. The further one projects into the future, the more 
difficult it is to determine sludge volumes to be handled and guess at 
the government regulations or political considerations in force, interest 
rates and new technology. As mentioned earlier, the computer program 
allows for just one point in time and does not attempt to determine an 
optimum investment policy. An optimum investment policy nonetheless 
exists. For example, it may be cheaper for a municipality to buy property 
and construct oversized facilities for present sludge loads in anticipa- 
tion of higher demand in future years than to purchase facilities which 
just meet current demands and expand these facilities as the need arises. 



The second consideration is the bounds of the region. The best 
types of facilities used and indeed their locations will depend upon the 
distribution and sizes of sludge sources within the region. As the region 
encompassed by the planning study expands, the least cost combination of 
alternative facilities will change. Take incineration as a simple example. 
Incineration is a high cost disposal alternative for small sludge volumes, 
but cost per cubic yard of sludge processed drops quickly as sludge 
increases. If the region encompasses just a few small sources of sludge, 
incineration may not be part of the optimal combination of facilities; 
whereas if it expands to include more sources, incineration may become 
desirable. The dilemma of setting a regional boundary is rarely a 
serious one. In practice, it is difficult to establish cost sharing 
and operating agreements between two or more independent political 
jurisdictions (such as two municipalities). Consequently, the boundary 
is usually the geographical boundary of the jurisdiction that commissioned 
the planning exercise. 

The third consideration in determining the scope is the detail 
required in a solution. For some planning purposes, it might be necessary 
to establish only if land spreading is to be used for sludge disposal. This 
might be the case if the sludge disposal planning is part of a land use 
planning exercise. The actual sites or fields to be used and the acreage 
required might not be necessary for this exercise. On the other hand, 
if the sludge disposal planning is carried out as part of a budget forecast, 
costs would be needed and this might entail determining not only the type 
of sludge disposal facilities required, but their size and location. 
The amount of detail desired contributes to determining the data collection 
effort and the number of cases which must be studied. 

The last consideration in problem definition revolves around the 
conflict between what is desired and what is possible. The scope of a 
planning study must always be limited by the resources available to 
the sponsor, whether these be manpower or financial. Even with aid from 
federal and provincial governments for pollution control programs, the 
resources available to a small jurisdiction, such as a county, obviously 
will be much less than those available to Metropolitan Toronto. Even 
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though the planning problem might be as difficult as Metro's, it is 
obvious that a county study must be much smaller in scope. This could 
mean that a county might have to be satisfied with a nonoptimal solution. 
Of course, it must not be overlooked that the cost of sludge disposal in 
a rural county is much less than in Metro. Therefore, the costs of a 
nonoptimal sludge disposal system will also be much less. 

3.2.2 Development of planning alternatives 

The use of a computer makes it possible to consider many more 
alternatives in sludge disposal planning than would be possible without 
the machine. It is important, therefore, to be sure that all realistic 
alternatives have been identified before going on to the solution phase. 
On the other hand, including "far out" alternatives, such as hydrogena- 
tion of sludge to produce a diesel oil, will rarely be worthwhile, par- 
ticularly when a planning horizon is short* because it is unlikely that 
such alternatives would ever appear among the group of near optimal ones. 
Adding unproven and/or costly alternatives simply increases computing 
costs. The appropriate strategy is to devise as many alternatives as 
possible and then subject them to some preliminary screening before 
developing a list of facility types to be used by the computer. 

Figure 5 shows these two functions. The figure also shows 
the factors involved in screening and the sources of information for 
establishing alternatives. The development of sludge disposal alterna- 
tives should not be a serious stumbling block in planning. Through 
publications and meetings, government agencies and the engineering profes- 
sion itself provide substantial information on techniques for sludge 
disposal, result in practice, costs and other considerations. 

Table 2 shows disposal alternatives worth considering in the 
east central regions of Canada stretching from the Great Lakes to the St. 
Lawrence basin. Little needs to be said about preliminary screening. 
Perhaps the most important factor to be considered is government guidelines. 
Ontario, at present, discourages incineration and favours land spreading. 
Thus, screening might eliminate incineration in studies where substantial 
agricultural or fallow land is available. Environmental considerations are 
certainly important. Open burning of sludge, which contributes to air 
pollution, might be screened out because solving one pollution problem 
should not create another one. 
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FIGURE 5. CONSIDERATIONS IN THE SELECTION OF SLUDGE DISPOSAL ALTERNATIVES 
TO BE CONSIDERED IN THE PLANNING STUDY 



TABLE 2. POPULAR SLUDGE VOLUME REDUCTION AND DISPOSAL ALTERNATIVES 



Land spreading 

- Raw or Digested Sludge* 

- Dewatered Sludge 

Landfill 

- Dewatered Sludge 

- Digested Sludge 

- Deepwells 

Drying Beds 
Drying Lagoons 
Composting 



Incineration 

- with Refuse 

- Wet Air Oxidation 

Dewatering 

- Thickening 

- Vacuum Filters 

- Centrifuges 

Barging with Ocean or Lake Disposal 
Conversion to Fertilizer 



* Not permitted in Ontario 
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3.2.3 Selection of sites for sludge disposal facilities 

The selection of disposal alternatives discussed in the previous 
section rarely poses a problem to the engineer-planner; the difficult 
problem is the selection of possible sites at which facilities can be 
located. Location of any facility for handling wastes is always poli- 
tically sensitive. In urban areas, no one wishes to have a waste disposal 
facility as a neighbor, whereas in rural regions opposition to accepting 
city wastes grows in response to such proposals. Although farmers have 
been accepting sludge on certain types of farm land for many years, few 
among them are sufficiently convinced of its value to pay for the sludge. 
In some areas, land spreading is considered a disposal service and a 
charge is made. Landfill or drying lagoons are vehemently opposed by 
rural residents. 

Factors governing the choice of possible sites are basically 
three-fold, as shown in Figure 6. The first of these is the requirements 
of the disposal alternative being considered in the plan. For example, 
a site which will handle liquid sludge must be able to contain the sludge 
and any seepage that does occur should not enter aquifers. Possible 
sites should have easy access to all weather roads open to truck traffic. 
Finally, the high cost of land near urban areas (land thus attractive for 
sludge disposal) dictates that land already owned by municipalities be 
considered as sites to avoid the need to purchase property. 

Figure 6 suggests that a large number of sites should be picked 
without detailed consideration of their suitability. After this has been 
done, a set of criteria can be applied to test each of the site selections. 
The J.F. MacLaren organization has devised a site selection for refuse 
system (solid waste) along the lines just mentioned*. A large number of 
possible sites is collected and systematically rated using a weighted 
grading system. This grading system uses weight factors to quantify 
qualitative information such as the pollution impact of the site, nuisance 
factors, accessibility to main roads, transport restrictions that might 
exist which would limit or control trucking in the site area, legal considera- 
tions such as zoning and site life. MacLaren' s system is used as a 
screening technique to determine which sites should be included as 
possible disposal locations in a planning study which then uses just 



* See Appendix II. 
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FIGURE 6. FACTORS IN CHOOSING A LIST OF POSSIBLE FACILITY SITES TO BE 
CONSIDERED IN THE COMPUTER-AIDED PLANNING PROCESS 



economic considerations to select the optimal plan. The MacLaren system 
is applicable to disposal without a doubt. The MacLaren organization has 
kindly consented to let us reprint pertinent portions of a technical report 
describing its grading system. These excerpts are contained in Appendix II. 
The weighting factors assigned to the screening consideration will probably 
require some adjustment, depending on the disposal alternative. A site unaccep- 
table for a landfill, for example, could be well suited for an incinerator. 

Possible sites which pass a screening probably will not be 
unacceptable to the political authorities ultimately responsible for the 
selection of sludge disposal system. Because the information gathering can 
never be complete and political opposition often surfaces during the final 
selection process, any sites included in a computer selected plan must be 
re-examined. This is not the engineer-planner's responsibility, but it can 
lead to rejection of sites passing through the preliminary screening. 

3.2.4 Forecasts of sludge production 

Planning studies are concerned with the future so it is necessary 
to estimate the amount of sludge that must be handled by the disposal 
system in each year of the planning time period. Indeed, the value of 
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the planning exercise depends on how accurately projections can be made. 

Certainly, projections become less reliable the further into 
the future they are cast. A good deal of care must be taken in choosing 
the time horizon, particularly for sludge disposal, because technology, 
changing governmental regulations and variations in growth patterns all have 
a profound influence on the optimal disposal system. These factors are 
difficult to predict over a period longer than a decade. 

The procedure for estimating sludge production at different 
sludge sources is shown schematically in Figure 7. Sources of estimates 
of population changes and distribution are also indicated in the Figure. 
Distribution information is useful because a region or a large municipality 
will be served by more than one treatment plant so there will be two or 
more sludge sources. Sludge production is tightly related to population. 
To estimate sludge production at a source, therefore, we must know the 
population (and industrial activity) served by each treatment plant. 
The first step in sludge production estimates is a projection of population 
distribution and industrial/commercial activity by geographical sections 
of a region. Projections of this type are difficult. It is a rather 
specialized field which will not be discussed further here. Sludge 
disposal planning usually comes at the end of regional planning studies. 
Population and industrial activity projections are required for other 
planning exercises, so that the needed projections are frequently available 
from regional development plans as indicated in Figure 7. 

With population estimates available, sludge projections are 
rather easily calculated. The best means for this is to use municipal 
or regional data on sludge production in the past to calculate the sludge 
volume or weight (as dry solids) per year per capita. For example, the 
annual reports of the Public Works Department of the Regional Municipality 
of Niagara give data on the annual production of raw sludge and digested 
sludge. For a two-year period (1972. 1973) the per capita annual sludge 
production ranged from 27 to 48 pounds per capita per year from three 
primary treatment plants in the region (see Table 1) ; the average produc- 
tion was 38 pounds per capita per year. For secondary treatment plants, 
the production ranged from 9 to 24, with a mean of 15 pounds per capita 
per year. 
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FIGURE 7. METHOD OF FORECASTING SLUDGE PRODUCTION 

Alternatively, data from other regions can be used. It is 
usually worthwhile checking per capita figures from regional data against 
other data sources. Per capita sludge production for the Niagara region 
secondary plants averages less than that for the primary plants. The 
"rule of thumb" is that sludge from conventional activated sludge plants 
should be about 50% greater than from a primary plant. Thus, the regional 
data are questionable. Table 3 summarizes 1972 data for 11 secondary waste 
treatment plants- The mean for these plants is 58 pounds per capita per 
year. It is interesting that this is just about 50% greater than per 
capita production for the Niagara primary plants. Obviously the higher 
figure should be used in any planning study for the Niagara region. 

Another check on per capita data calculated for a region is 
textbook figures for sludge production. For example, primary treatment 
commonly produces 1,000 pounds of sludge (or 0.6 cubic yards) for each 
million gallons of flow handled, while secondary treatment adds an addi- 
tional 600 pounds or 0.4 cubic yards per million gallons. 
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TABLE 3. 1972 PER CAPITA DIGESTED SLUDGE PRODUCTION IN ONTARIO 
SECONDARY TREATMENT PLANTS OPERATED BY THE ONTARIO 
MINISTRY OF THE ENVIRONMENT.* 



Municipality 


1972 Population 


% Solids 


Ib/Capita/Year 


Belleville 


34,812 


6.6 


70.1 


Brampton/Ching. 


42.804 


20.0 


79.4 


Brantford 


61,445 


■#^^ 


56.7 


Coniston 


33.671 


'M.l 


96.9 


Gait 


37,633 


%k 


37.0 


Kitchener 


110,000 


t^S 


46.0 


North Bay 


46.409 


'$...$■ 


54.2 


Slmcoe 


10.455 


^4^ 


30.1 


Stratford 


24,048 


4*l' 


44.7 


Wallaceburg 


10,292 


7..;^ 


87.4 


Waterloo 


36,500 


%a 


67.9 


Mean 




h.Q 


58.4 



* Reference: "Operating Summary, 1972, Water Pollution Control". Report 
of the Project Operations Branch, Ontario Ministry of the 
Environment. Toronto, 1973. 

Addition of chemicals for nutrient removal must be allowed 
for as the above figures do not allow for the extra sludge generated 
thereby. Estimates are that sludge production will increase by 
between 5% and 50% from chemicals addition, depending on the type of plant 
and the chemical. 

The existing sludge disposal facilities in a region must be 
taken into account in planning. Usually, these facilities will be found 
in the least cost disposal system because their use entails no capital 
outlays. In some cases, it will be cheaper to abandon some of these 
facilities, especially those showing a high operating cost. In a pre- 
liminary study made of the Regional Municipality of Niagara, for example, 
it was found that at the beginning of the planning period, it would be 
cheaper not to operate existing vacuum filters where sludge was to be 
spread on the land or where wet sludge could be taken by a landfill site. 
However, by the end of the period, the large amount of sludge to be handled 
would force the use of these facilities. What is needed for an existing 
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facility in the computer-aided planning technique are the location, size 
limit and operating cost. The latter should be known as a function of 
operating level. In addition, if an existing facility would have a signi- 
ficant salvage or sale value. If it is not retired, this should be known. 

3.2.5 Development of cost functions 

Once a set of possible locations for sludge disposal facilities 
has been established which seem to meet environmental, legal and political 
considerations, the choice of a system of sludge disposal is reduced to 
the problem of selecting the least cost combination of facilities for the 
job. Before a search for this combination can be undertaken, cost of 
disposal facilities, operating and sludge transport cost information must 
be available. Of course, this information must be formulated in a par- 
ticular way for use by the computer. This will be dealt with in Chapters 
5 and 6. At this point we are concerned with only how this information 
can be gathered. 

3.2.5.1 Facility capital cost . Figure 8 suggests schematically the 
sources of capital cost information. It also dicates how this information 
is manipulated into a form usable by the computer program. Probably the 
most reliable source of capital cost is records of purchases made by the 
region of equipment, such as vacuum filters or land, where the land is 
similar in location and character to that under consideration for a 
sludge disposal facility. Only slightly less useful are purchase records 
from neighboring jurisdictions. Some caution is needed in the use of these 
data. The nature of the equipment may differ from purchase to purchase. 
In some cases, ancillary equipment may have been obtained and its cost 
included in the price. Corrections must be made. Cost, of course, 
must be correct to a common cost index. The EPA index for the cost of 
pollution control equipment is probably the best one to use, although 
the appropriate ENR index is also suitable. 

The major problem in using purchase costs is that what is needed 
are the installed costs. Sometimes this can be obtained from contractors' 
bills, but all too often contractor billings cover work on more than one 
unit so that it is difficult to determine costs assignable to, say, 
preparation of a sludge drying lagoon. In cases where contractor costs 
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are usable, the sum of this cost plus the purchase price gives the installed 
cost. Installation costs depend on local conditions to some extent, so 
factors used to translate purchase to installed costs are not always 
reliable. 
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FIGURE 8. SOURCES AND MANIPULATION OF CAPITAL COST DATA 

Where data from records are not sufficient, it is possible to 
develop costs through design studies and estimates or preferably quotations 
by equipment suppliers. In the case of landfills or lagoons, contractor 
estimates can be used. 

However the costs are arrived at, the objective is a plot of cost 
versus facility size, with other factors as parameters. As is indicated in 
Figure 8, these curves must be fitted by a straight line (so as to intersect 
the cost curve in at least two points) to give the fixed charge plus 
marginal cost approximation used in the ALL02 computer program. A least 
squares procedure could be used for fitting. 

The work needed to create cost versus size curves from scratch 
can be considerable. It may be avoided without an all too severe reliabi- 
lity penalty by using existing cost correlations. In the course of the 
project leading to the preparation of this manual, capital (equivalent 
annual) cost correlations were undertaken using as a basis the exhaustive 
survey and design studies performed by Black and Veatch, Consulting 
Engineers for the U.S. Environmental Protection Agency (Patterson and Banker, 
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1971). These correlations, for lagoons, holding tanks (or basins), vacuum 
filters, centrifuges and multiple hearth incinerators, are contained in 
Appendix III. The assumptions and the development of these correlations are 
discussed exhaustively in the Appendix. Figure 9 reproduces a capital cost 
(annual) correlation for drying beds from Appendix III. The data points 
are based on project costs for two Ontario locations. The straight line 
approximation is also shown. It can be seen that it represents the data 
quite well. This cost correlation, as well as all others in Appendix III, 
assumes an Autumn, 1973 cost datum - 

Although the cost correlations in Appendix III are convenient 
and may save much labour, their estimated accuracy is about + 20%. In 
some cases, cost differences of this magnitude could be sufficient to 
influence the choice of a sludge disposal system. Sensitivity studies, 
exploring the effect of cost used, should be undertaken as part of the 
planning exercise. 

3.2.5.2 Facility operating and maintenance cost . Operational costs, 
apart from the annual capital charges, are important for all sludge disposal 
methods. Figure 10 is a companion schematic to the one previously given 
and suggests sources of operating cost data and manipulation of these 
data to forms suitable for computer use. 
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FIGURE 10. SOURCES AND MANIPULATION OF OPERATING COST DATA 
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The best source of operating costs is the local records of the 
region. However, problems can be encountered using these data. Vacuum 
filters or centrifuges are located in treatment plants so their operating 
costs are often lumped with waste treatment costs. They must be broken 
out of the lumped costs. Where local records are inadequate or nonexistent, 
records of nearby jurisdictions may be useful. Actual operating cost 
data must be corrected for the appropriate wage rates so a breakdown 
into labour and overhead, and supplies and materials should be available. 

In place of operating cost data from records, or as a supplement, 
hypothetical studies of costs can be made. These assume manpower and supplies 
needed and estimate maintenance often as a percentage of the annual cost 
of capital. 

When operating costs are taken from records or estimated, cost 
contributions from loading and unloading sludge can be added, as an 
alternative to having them charged against transport. This will be dis- 
cussed further in a later section. 

As for capital cost, the objective is a plot of & M cost 
versus annual quantity of sludge handled. The resulting curve must be 
fitted by a straight line so as to divide the cost into fixed and variable 
(facility size) contributions (see Chapter 4) . 

Operating cost correlations can be used in place of estimation 
from records. Appendix III provides correlations for the disposal methods 
indicated previously in the form of fixed plus marginal costs. The correla- 
tions are based on separate correlations for operating labour, maintenance 
labour and materials and supplies taken from the Black and Veatch study. 
Assumptions made and the development of the correlations are discussed in 
the Appendix. The cost base is Toronto, 1973. Since the cost coefficients 
in the Appendix are broken down into three categories used by Black and 
Veatch, corrections for labour rates etc. can be made. Although not shown 
in the Appendix, the fixed charge cost functions approximate the Black and 
Veatch curves quite well. 

A check on the use of these correlations with 1973 operating 
data for the city of London, Ontario gave agreement to better than 15% 
for vacuum filters, but was seriously in error and low for incineration. 
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It would be useful, therefore, to undertake sensitivity studies of the 
planning solution to see how it is affected by the operating costs used. 

3.2.5.3 Sludge transport cost . Transport cost information required 
for a planning study. In Figure 11, sources of cost data are shown. It 
is best, whenever possible, to use costs actually experienced by the region 
or municipality. If the region itself runs the sludge haulage operation, 
municipal records can be used to construct transport cost correlations. 
A considerable effort is necessary to analyse any records. The objective 
is a cost per unit quantity for each potential transport task in the 
computer model. A transport task is the movement of sludge between a 
particular "source-facility" or "facility-facility" pair. Preferably, 
linear correlations valid for several transport tasks should be found for 
this unit cost versus distance or trip time. Such correlations, which 
we call haulage formulas, are very helpful in setting up the data and in 
sensitivity studies. 
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FIGURE 11. SOURCES AND DEVELOPMENT OF TRANSPORT COSTS 
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Overall transport costs, such as for truck fleet size and manage- 
ment, are not easily taken into account at this stage by saying some part 
of it is a component of the unit cost in a certain transport task. It 
is better to assume a certain complement of transport equipment and manage- 
ment in order to obtain unit costs that are accurate over a good range of 
quantity. The unit costs then represent primarily wages and operating and 
maintenance. When a solution has been found, it can be used to check 
the assumption on fleet size, etc. as described in section 3.3. Alterna- 
tively, costs such as truck capital can be represented by the contribution 
of "hourly rental fees" to unit costs. When the equipment is not really 
rented, however, this contribution is difficult to ascertain. 

To strengthen any correlation of unit cost versus trip length 
or distance obtained by means of local operating and purchase records, 
the records of other communities can be analysed to break out unit costs 
for various transport tasks of different trip lengths or distances. 

If, on the other hand, sludge haulage is carried out under 
contract, the information available is bid price, usually as dollars 
per gallon or cubic yard. If the disposal facilities used by the contrac- 
tor are known, unit cost correlations against distance perhaps can be 
developed. Usefulness of bid prices is limited because of factors other 
than haulage distance and sludge consistency which enter into costs. 
Disposal by the contractor includes burdens (overheads) which may be shared 
with other contracts held, and the degree of competition probably influences 
bid price as well. Much must be known about the contractor's operation 
before the cost or cost correlation obtained from bid data can be accepted. 
Although shown as a source in Figure 11, bid prices are probably better 
suited as checks on cost or correlations from other sources. 

An alternative to establishing costs from records is to obtain 
them by a hypothetical study based on purchasing a fleet of trucks for 
haulage and using information on operator and repair, manpower, operating 
and maintenance costs. 

Where records are used for establishing transport cost, cost 
obtained may be corrected for unloading/loading costs. This seems advisable 
because sludge haulage trucks are frequently used for land spreading. This 
function should not be charged against transport if it is desired that haulage 
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formulas be independent of the disposal facilities. This is just a matter 
of convenience. Similarly, loading and unloading of dewatered sludge may 
cost more than un-dewatered sludges. Extra costs should be charged against 
the dewatering plant or against landfill. Separating these costs would 
require time studies to work out the portion of haulage trips spent 
in loading and unloading sludge. Costs would be split between facility 
and transport on the basis of time spent for loading and unloading and 
actual haulage, respectively. 

Figure 11 shows correlations as an alternative for unit costs. 
During the development work on the computer-aided technique, an investigation 
of sludge transport cost was undertaken which is reported in Appendix III. 
This investigation found a great deal of scatter in transport costs which 
we believe reflects the size of the contracts and competition. Unit cost 
correlations were prepared: 

Dewatered Sludge: 

C/Q = 1.0081 + 0.1527D 

Digested, but Undewatered Sludge - Land spreading: 

C/q = 1.2308 + 0.0725D - 0.10445 + O.OOllA 

- Sludges not land spread: 
C/Q = 0.3149 + 0.0140D + 0. 1545S 

Combining the last two correlations and omitting the solids concentration 
dependency gives an overall correlation for undewatered sludge: 

C/Q = 0.9253 + 0.0592D 

In all these correlations, C/Q is the unit cost (C = cost in dollars, Q = 
quantity of sludge transported in cubic yards). D is the one-way distance 
in miles, S is the sludge concentration in weight percent and A is the 
acreage at the land spreading site. 

The unit cost correlation for dewatered sludge uses only four 
data points and represents these points quite well. The fit is much 
poorer for the liquid sludge; correlation coefficients are about 0.5. 
Introducing a term for Q, sludge quantity, on the right side and using 
only C on the left side would improve the correlation considerably, but 
since the unit cost would then depend on the sludge quantity, it could 
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not be used by the computer program ALL02. Indeed, only the correlations 
for liquid sludge in terms of D can be used because S (sludge concentration) 
and A (acreage) are not included In the computer model. 

Further details of the transport cost correlations are discussed 
in Appendix III. 

3.2.6 Formulation of study case s 

In our discussion we have been proceeding through Figure 2, 
showing the overall sequence of tasks in a disposal planning study. 
We have been concerned up to this point with the development of data 
to be used in the economic assessment of alternative facilities and 
locations for sludge disposal. From now on we will deal with the use 
of the computer program. 

As discussed in the beginning of this chapter, the planning 
method is basically an interactive one involving user and computer. The 
mechanism for this is by case studies. However, we are not using the term 
"case study" in the conventional sense of a fixed system which one postu- 
lates in order to calculate a total cost. Rather, we wish to imply only 
fixed limits within which the system can vary and a fixed relationship 
of cost to the system as the computer varies it. The absence of specificity 
in case studies makes them very simple to use. The engineer-planner 
formulates a case to be fed to the computer. This case represents a point 
in time, an assumed set of cost coefficients, a set of potential facilities 
and locations to be examined. A potential facility is just a facility 
lAich, due to Its being included in the case, is potentially in the lowest 
cost combination of facilities the computer will find for the case. It 
may be existing or just a feasible alternative; different potential 
facilities may be included in a case in order to represent alternative 
types of facilities at the same site or the same facilities at alternative 
sites. From the computer output from different cases, best combinations 
of facilities become visible as a function of the cost assumptions or the 
point in time horizon. These best combinations in turn suggest new cases 
to be formulated. Through a series of cases, thus, an appropriate solution 
to the planning problem can be developed. Although an approach such as 
this is strongly heuristic, and an absolute optimum is not assured, we 
are confident that, through intelligent use of the method, combinations 
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of facilities which are virtually optimal for the planning job can be 
obtained. Figure 12 shows how this part of the work is structured. 

The first step involves case formulation. This requires, first 
of all, information on the types of facilities, lists of locations with the 
type of facility for each location, sludge sources and annual sludge pro- 
duction at each, and costs. All of this information is put in a form 
compatible with the computer program as discussed in Appendix IV. To 
formulate a case, you would specify the number of potential facilities 
of each type to be considered and the location of each potential facility. 
A size limit for a facility at a site is assigned if limitations on capacity 
must be enforced. Where other limitations arise, such as nitrates added 
to the soil, these must be interpreted in terms of volume capacities. 
The cost functions used in a case are chosen by the user so they can be 
intentionally altered in other cases as a means of exploring sensitivity 
of the best combination of facilities to the cost functions. The number 
of sludge sources reflect the size of the region and sludge production 
used establishes the point in the time horizon considered. These, too, 
are elements of a case. 

The next step indicated in Figure 12 is the formulation of the 
computer run and printout control parameters. This is discussed further 
in Chapter 6 and Appendix IV. Control parameters are required because 
the planning program ALL02 has been written with versatility in mind. 

One aspect of the planning job rarely mentioned is that the 
"solution" obtained must be presented to the ultimate decision-making 
authority, a political body, in such a way as to assist the authority in 
making its decision. Required from the program then, in addition to 
the "optimal" plan, are the "near-optimal" ones. These would be "solutions" 
which would be close enough to the optimal one to be attractive economically, 
but might offer advantages with respect to political or environmental 
criteria. In addition, the cost of the present disposal system is needed, 
worked out using the same cost data employed in the planning study. 
Further, the cost of any other specific system or, for that matter, random 
nonoptimal solutions, are needed to properly assess the cost advantages 
offered by the optimal or near-optimal plans. 
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FIGURE 12. STRUCTURE OF CASE FORMULATION AND USE OF THE ALL02 PROGRAM 
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Through the control parameters, you can choose to examine the 
near-optimal solutions by causing ALL02 to print out either a certain 
number of near-optimal solutions or all the solutions lying within a cost 
increment above the least cost solution. This certain number or cost 
increment (or bound) is specified by the user. As discussed further in 
Chapter 6, it is possible to ask the computer to examine specific solutions. 
For example. It may be of interest to consider a single centralized solu- 
tion, as discussed in the previous chapter, or the disposal method now 
used, and compare either to the "optimal" plan. The object would be to 
establish the magnitude of cost savings that can be achieved by the planning 
technique. A similar grasp of the cost picture and the advantages of 
the optimal solutions is obtained by asking the ALL02 program to print out 
solutions at intervals of, say, every 1000 configurations of the disposal 
system examined, regardless of whether or not the "solution" is near- 
optimal. Comparison of these arbitrary disposal systems with those which 
show the lowest cost provides the useful overview of cost mentioned above. 

Continuing with Figure 12, the next step is the actual formulation 
of the input deck and the computer run. Several cases may be included 
in one run. A number of options are available after the computer run 
has been completed. Certainly a check of the printout is necessary to 
see if the answers obtained are meaningful. To assist this operation, 
the printout contains portions of the input data in a way to assist in 
determining whether the input was correct or not. For example, the cost 
function data should be examined to ensure they have been properly 
formulated and are realistic. 

A single computer run will seldom be enough. After the first 
run, the group of near-optimal solutions (combinations of facilities) 
printed out would be examined for the cost variation. If the variation 
is small or if the cost found is small compared to the least cost solution, 
it may be useful to expand the cost bound or the number of solutions 
considered so as to establish the point at which the costs begin to 
increase rapidly. Alternatively, it may be useful to run the system 
asking for specific configurations which might seem to be obvious choices 
by inspection, but which did not appear in the group of optimal solutions. 
This would allow what might be called "common sense judgment" to be tested 
against the computer program. 
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Once the full information for a case has been developed, a 
new case can be formulated to examine another point in time, a different 
region size or perhaps the sensitivity of the disposal plan to the cost 
information. Often an analysis of the printout from the previous case 
will suggest possible new cases to explore. It is this formulation and 
reformulation of cases that we referred to as the interactive portion of 
the planning process at the beginning of this chapter. 

3.3 Study of the Transport System 

Sludge disposal planning encompasses choice of sludge disposal 
facility types, size and location of facilities and specification of a 
transport system to move sludge from the treatment plant or sludge sources 
to the disposal facilities. Optimal design of the whole system of 
facilities and transport in a single program is possible, but would require 
a large program which would be costly to run and might be difficult to 
use. We have chosen to "tear" the planning problan by assuming that the 
facility choice and location problem could be handled separately from 
the transport one. What this means is that we assume that the cost of 
transporting sludge from the sources to the facilities could be estimated 
with sufficient accuracy without knowing details of the transport system, 
to determine facilities and sludge allocation. After this problem is 
solved, the transport system can be devised. 

A computer program, SCHEDl, has been developed, but it is 
described in this manual only in Appendix VIII. Although SCHEDl has 
not yet been put through a real test case, how this transport model could 
be used to complete the sludge disposal planning job is indicated. Figure 
13 provides a schematic diagram showing factors entering into transport 
planning. The starting point for all considerations is the results obtained 
from ALL02, that is, sludge sources, location of the facilities, their 
type and the amount of sludge to be transported between each source and 
facility. This provides the basis of the transport model. The transport 
time per link between a source and a facility or between facilities is 
required for all links. The transport model must have cost information 
in the form of cost coefficients. These come about through analysis 
of operating and capital costs of a trucking fleet. Sources of data and 
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FIGURE 13. CASE FORMULATION AND USE OF THE SCHEDl PROGRAM 
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development of coefficients were described earlier in this chapter. The 
model is completed by information on alternative depot locations and size 
limits, along with restrictions and cost penalties (if they exist) on 
irregular pickup or delivery at sludge sources and facilities. 

The depot is where the trucks stand when they are not in haulage 
service. The depot provides maintenance, refueling and facilities for 
the working staff of each truck. Truck size is important because it 
controls the number of trips which must be made between source and 
facility. It also influences capital and operating costs. Trucks do 
not operate 24 hours per day, since time must be allowed for servicing, 
lunch breaks, truck cleaning, etc. Operating factors vary widely. Sludge 
haulage trucks would have factors between 0.15 and 0.25; that is, on the 
average, the trucks would operate between four and six hours per day. 

The transport program is used in an iterative, interactive manner 
just as with ALL02. A group of cases are formulated and each case is 
examined by the computer to yield a transport system design. Case formu- 
lation involves the choice of cost coefficients, specifying alternative 
locations of depots, limitations if any, size of the trucks and the 
number of hours per day a truck provides sludge haulage service. 

Each case leads to an input deck which is run and whose output 
is examined. The output must first be checked to see if it is reasonable. 
If it is not, the input data must be carefully examined. Successive 
runs of SCHEDl would be examined to see what other cases should be run, 
that is, to see what happens if the cost assumptions change or if a 
different sized truck is used. 

It is important to take the transport study and use it to 
recalculate transport costs employed in ALL02. If these differ signi- 
ficantly from those assumed, the facility planning program ALL02, must be 
re-run using the updated costs. This iterative process is suggested in 
Figure 2 and has already been discussed. 
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4y BACKGROUND FOR THE COMPUTER-AIDED FACILITIES SELECTION TECHNIQUE 

We now turn our attention to the main computer program discussed 
in the previous chapter - the facility selection program ALL02. Our 
objective in the following is to review the principles and concepts which 
underlie the ALL02 program in order to give some of the background required 
to understand what the program does and how it operates. Program details 
will be discussed in chapters which follow. Three broad topics form this 
chapter. They are the role of a model in a computer program, representation 
of costs and, finally, techniques for selecting the optimum where a great 
many choices are available. 

Concepts are presented in the simplest possible technical lan- 
guage. Detail has been avoided in order to make the material as easy as 
possible to understand. Where techniques, a model or representation is 
indeed utilized in ALL02, they will be discussed more thoroughly in 
future chapters. 

4>i Modelling Requirements 

In planning, a common objective of making a model is to study 
the relationship between the total system cost and the variables which are 
used to describe a system. Any real systems encompass a great many vari- 
ables. If a study of total system cost is accepted as the problem, then 
only variables that make a significant contribution to this cost need 
to be included in the model. In addition to restricting the number of 
variables, two actions are often taken to simplify the problem and thereby 
reduce computer costs . Constraints are imposed on the variables to avoid 
considering solutions that would obviously cost too much; and the relation- 
ship between the total system cost and the important variables is expressed 
as simply as possible while still resulting in correct comparisons of 
cost between different solutions. 

For the specific problem at hand, the total system cost is 
easily broken down into the sura of costs of the elements or components of 
the system. These elements may be viewed as components of a material flow 
system. This is fortunate because the continuity of material flow from 
a component as input to its output yields relatively simple relationships 
among the important variables of the system. 
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There are two kinds of components in a material flow system: 
ccmponents for transporting material, and components for the treatment 
of material. The transport components should be viewed as two-ended 
links which join the treatment components to one another. Material, in 
this case sewage sludge, flows along the links among the treatment elements 
A treatment component may be a "source" which produces material, or an 
intermediate facility for changing the properties of the material or 
temporarily storing it, or it may be a "sink" which provides ultimate 
disposal of the material. Sources have output but no input, whereas 
sinks have input but no output, and intermediate facilities have both 
input and output. In reality, everything has both input and output, but 
in a model a boundary must be drawn around the system outside of which 
everything must be ignored. 

The cost of the system being modelled is the sum of the cost of 
each transport link plus the cost of each treatment component. The cost 
of each link or component will, in general, be different: it depends 
on the variables describing the links or components. The description of 
a single transport link could include the amount of material flowing on 
it, the method of transport used, the transport schedule and route, and 
so on. However, if we Included all these variables and the relationships 
among them and those describing other transport links, the model would 
be too elaborate to handle. Therefore, just the one most influential 
variable is used, namely the amount of material flowing, and the others 
are ignored. The dependency of the cost of a transport link on its flow 
rate Is expressed with fixed parameters or coefficients that imply some 
assumptions about the ignored variables, such as the "distance of transport 
is ten miles" and "the method of transport is always the optimum for the 
flow rate", etc. After all the flow rates have been planned, we could go 
into the details of transport and check on the correctness of these 
assumptions. If the assumptions turn out to be significantly incorrect 
for the planned flow rates, we could modify them appropriately and see if 
this changes the model enough to change our planned flow rates. You 
will recall that we discussed this at the end of Chapter 3. We do not 
expect such changes to be often required in our applications. 
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Similarly, the description of a treatment component could include 
the flow rate on each transport link connected to it, the schedule of 
delivery and pickup of input and output, the type of treatment and the 
equipment used to do it, the name of the maintenance man's union boss, 
and so on. Again to avoid an unmanageably elaborate model, we use the 
most influential variable, namely the total flow of sludge into the 
component . The cost coefficients that are entered in the data imply 
assumptions about the components, such as "for a given treatment, the 
equipment is always the optimum for the total input plus 30% to allow 
for growth", and "we must hire one shift of labour for every million 
gallons input", etc. 

4-*,| Cost Representation 

In a computer model, the cost of a transport link or a treat- 
ment component is related to the description of the link (or component) 
by a mathematical function such as those illustrated in Figure 14. These 
cost functions give the cost of individual components for any possible 
descriptions of the components, at least within the constraints on their 
size. An important property of a cost function is that the cost of a 
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FIGURE 14. COST FUNCTIONS FOR SYSTEM COMPONENTS 

component goes to zero when its flow rate or total input goes to zero, 
since the component then has no use in the system and is not considered 
a real part of it. Cost functions are typically irregular and often 
contain sharp jumps because equipment is sold in discrete rather than 
continuous sizes, labour costs are functions of whole numbers, and 
methods of operation may vary continuously with flow or input. 
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Just as there are cost functions for components, so there is 
a cost function for the whole system. This is expressed, mathematically, 
simply as the sum of the cost functions for all the components. A graph 
cannot be drawn of the total cost relationship because it usually expresses 
cost as a function of not one or two, but three or more variables. This 
function gives the total system cost for any possible description of the 
whole system, at least within the constraints on its size. In an optimiza- 
tion study, the normal objective is to find the values of the variables, 
within the imposed constraints, that yield the lowest total system cost. 
Therefore, it is customary to call the cost function for the whole system 
the "objective function". 

4.3 Solution Methods 

4.3.1 General 

The final topic of this chapter is a review of the state-of- 
the-art in the problem of efficiently finding the optimal solution, that 
is, the solution that yields the minimis value of the objective function 
within the imposed constraints. The most sophisticated approach found 
for regional waste treatment applications is reported in a paper (In 
English) written by a German group (Hahn et al, 1973). This paper describes 
a "branch and bound" method - that is, a method in which not all of the 
variables describing the system have had their values defined before a 
decision is made whether those variables, which already have values defined, 
are correct for the optimal solution. Thus, the method begins by defining, 
for a small number of variables, values which have no apparent contradiction 
with the optimum. Then, values are defined for some more variables ("a 
branch is made") until it is apparent that the values are in contradiction 
with the optimum; so the path of search for correct values is then retraced 
("the branch is bounded and the path backtraced") until all variables with 
incorrect values have apparently been "undefined" again and a new branch 
can be made. 

This method has much intuitive appeal and it can handle component 
cost functions of any shape; but to be efficient it requires extensive 
use of the local peculiarities of the application and it requires a very 
long computer program. The paper referred to reports a 4000-line Fortran 
program (compared to our own 170G-line Fortran program, ALL02) , Further- 



more, it appears that the AOOO-line program reported on can only consider 
t reatment components which have either inputs or outputs , but not both . 

All other approaches approximate the component cost functions 
with some kind of mathanatically regular curves and use the special 
mathematical properties of these curves to find the optimal solution. 
These approaches are commonly labelled "mathematical programming". The 
continuity properties of the material flow system are very important in 
these approaches. This means, for instance, that the total flow rate 
on transport links leaving a treatment component must be equal to its 
total production. Assumptions are made regarding the component's efficiency 
in order to express its production as a simple function of its total input, 
which in turn must equal the total flow rate on transport links entering 
the component. The optimal solution can be obtained by a computer program 
which is not excessively long, but which may have to run through a very 
large number of iterations, depending on the kind of curves used to 
approximate the model, and on the number of variables in the model. 

Three kinds of curves most commonly used to approximate component 
cost functions are illustrated in Figure 15. Diagram (a) illustrates a 
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FIGURE 15. COMMON SHAPES ASSUMED FOR COST FUNCTIONS IN MATHEMATICAL 
PROGRAMMING 

fractional power or root function. This curve does a good job of represen- 
ting economies of scale, but it tends to move to the right too fast at 
the beginning , implying an unrealistic economy for small components . 
Another difficulty is the combination of its nonlinear and its "concave- 
down" characteristics: nonlinearity, in general, requires more computation 
than linearity and a concave-down component cost curve induces some "decoy" 
solutions which lure the computation procedure away from the desired 
optimal solution. The desired optimal solution is called the "global" 
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optimum, meaning that no other set of values for the system variables, 
anywhere within the Imposed constraints, yields a lower value for the 
objective function. On the other hand, the type of "decoy" solution 
referred to above is called a "local" optimum. The local optimum exists 
because no other set of values for the system variables, within some 
boundary surrounding the solution at an arbitrary small distance, yields 
a lower value for the objective function. 

Diagrams (b) and (c) represent quadratic and linear functions. 
These curves give no problems with local optima, but they are often poor 
approximations to the actual cost function. Nevertheless, they are often 
used, since they greatly facilitate computation - especially the linear 
curve. 

4.3.2 L inear pro gr amming 

Mathematical programming may be called, more explicitly, non- 
linear, quadratic, or linear programming depending on the shape of the 
cost function curves used. 

Special cases of linear programming have received much attention 
and have had methods of computation developed which are very fast and 
easy, but quite mystical for the nonmathematician. One case which Is 
often encountered and occurs frequently in ALL02 is called the "transporta- 
tion" problem. The problem arises when an optimal solution is to be found 
for a material flow system in which there are transport links only from 
sources to sinks; the only costs are those of the transport links; these 
have linear cost functions; and the only constraints are that the total 
flow rate on links leaving a source must equal the given output of that 
source and the total flow rate on links entering a sink must be less than 
the given size limit of that sink. The method for the transportation 
problem can also be used when treatment components with both inputs and 
outputs are included, if these are reinterpreted as special sink/source 
combinations. In this case, the problem is called a "transshipment" 
problem. ALL02 does not use the transshipment problem. Due to the 
special characteristics of the sludge disposal planning application, each 
transshipment problem can always be reduced to two transportation problems 
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At this point, the "dual" of a linear programming problem 
must be mentioned, since our method of solving the transportation problem 
involves solving its dual. Referring to any part of a given linear pro- 
gramming problem as "primal", we describe as "dual" the parts of the linear 
programming problem which are related to the primal problem as follows: 

- the dual variables are the coefficients in the primal constraints; 

- the coefficients in the dual constraints are Che primal vari- 
ables ; 

- the dual objective function parameters are the limits of the 
primal constraints; and, 

- the limits of the dual constraints are the primal objective 
function parameters. 

The optimal solutions of the two problems are easily related, and 

although the objective function is maximized in the one problem whereas 

it is minimized in the other, the optimal solutions yield identical objective 

function values in each problem. During some stages when solving certain 

types of linear programming problems, such as transportation problems, 

it is easier to work on the dual problem rather than the primal. Such 

a method, which alternates between the primal and dual problems, is 

appropriately called a "primal-dual" method. 

4.3.3 Fixed-charge linear models 

In order to overcome a great deal of the lack of precision which 
the straight line in Figure 15(c) causes in the model, especially for 
treatment components, two devices can be advantageously used without 
getting into the complications of piecewise-linear curves. A "fixed 
charge" can be added, and a constraint can be put on the horizontal axis: 
this then results in a curve as shown in Figure 16. The fixed charge is 
not added when the total input is zero, only when it is over zero. The 
constraint has the effect of making the cost go to infinity for any total 
input at or over the limit value of the constraint. 

Models which contain such "fixed-charge cost functions" can be 
handled by a form of linear programming if each fixed-charge cost function 
is viewed as the sum of a linear function and a step function. The step 



49 



Cost 



Fixed Charge 




>- Total Input 



Constraint 
Limit Value 

FIGURE 16, LINEAR COST FUNCTION WITH FIXED CHARGE AND CONSTRAINT 

function is made a linear function of an artificial variable as shown in 
Figure 17, The artificial variable is defined such that it takes the 
value zero if the total input to the component is zero, and one otherwise 
Constraints that impose an Integer value on a variable are difficult to 
handle mathematically. A special approach called "integer linear program- 
ming" is required, or rather "mixed integer linear programming" since not 
all the variables in the model are restricted to integer values. To 
date, these approaches are still in the developmental stage and cannot 
be counted on to produce a solution efficiently, although they can be 
very successful with a large amount of research on a specific type of 
problem. 
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FIGURE 17. LINEARIZATION OF THE STEP FUNCTION 

A more reliable approach to models containing fixed-charge 
cost functions is to find the optimal solution repeatedly, each time 
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selecting a different set of components, which have fixed charges, as being 
free to have total inputs over zero. Each time, the contribution of fixed 
charges to the objective function is counted only from those components 
thus permitted in the system; the fixed charge terms of the cost functions 
are then removed and the problem is solved with normal linear programming. 
The combination of components that yields the lowest total system cost, 
including both the fixed charges and the contribution obtained by linear 
programming, yields the optimal solution (the global optimum, as opposed 
to the local optima obtained with each given combination of components) . 
The only disadvantage of this approach is that the total number of possible 
combinations of components may be very large, so that the search for the 
best one may require a large number of applications of linear programming. 
In the next chapter, special techniques are discussed which minimize 
this disadvantage in our particular application. 



S* THE ALL02 MODEL 
5>1 Introduction 

The purpose of this chapter is to show you how a sludge disposal 
system is reduced to a model which can be represented by numbers and 
relationships. The sludge disposal is made more complicated by the 
necessity of considering two seasons. Much of the chapter is devoted, 
therefore, to describing the two-season model we have developed. 
Structure and operation of the ALL02 facility selection program are discussed 
in the final third of the chapter. The orientation of this chapter is 
toward those charged with carrying out sludge disposal studies, that is, 
the users of the ALL02 program. 

5.2 Model Structure 

The material flow system described in the previous chapter 
can be defined in a more specific way to model regional sludge disposal. 
Treatment components can be classified into different types by the 
characteristics they exhibit. This allows us to ignore transport links 
between certain types of treatment components. Incorporating specific 
information into the model in this way makes it easier to find the optimal 
solution to the planning problem. This information does not restrict the 
model and can still represent the majority of situations that may arise, 

5.2.1 Classification of facilities 

The sludge disposal system model should be viewed as a two- 
stage material flow system. Sources in the system are linked to interme- 
diate facilities which, in turn, are linked to the system's sinks. The 
sources may also be linked directly to sinks. To provide a more descrip- 
tive term for sinks, they are referred to as "dead-end" facilities. Dead- 
end facilities often represent landfills or agricultural land spreading 
sites. However, they may also represent facilities whose outputs, though 
normally included in the model, may be excluded in special cases, such 
as drying facilities where sludge is removed by private parties. 

Dead-end facilities are classified into two types: those 
that can be used all year (such as landfills), and those that cannot (such 
as land spreads). These are designated as "all-year dead-end" and 



3lt 



"summer dead-end" facilities, respectively. All summer dead-end facilities 
in a model are prohibited from use during a period of the year designated 
as "winter". Thus the year is divided into just two parts, "winter" 
and "summer". 

Intermediate facilities are also classified into two types: 
those available to receive material from sources in the winter (such 
as holding tanks) in order to distribute it among summer dead-end 
facilities in the summer; and those (as is often the case with drying 
facilities) which have nothing to do with summer dead-end facilities. 
These are designated as "winter intermediate" and "all-year intermediate" 
facilities , respectively. 

5.2.2 Ty pes of transport links 

The types of transport links involved in the model are shown 
in Figure 18. 

DA 

DA = all-year dead-end facilities 

lA = all-year intermediate facilities 

S = sources 

IW = winter intermediate facilities 

DS = summer dead-end facilities 

FIGURE 18. TYPES OF TRANSPORT LINKS INCLUDED IN THE MODEL 

In words: transport links are included from all sources to all facilities, 
from all all-year intermediate to all all-year dead-end facilities, 
and from all winter intermediate to all summer dead-end facilities. 
Seasonal restrictions on the transport links are imposed as follows: In 
summer, all links from sources or winter intermediate facilities are 
disallowed, and in winter, all links from sources or winter intermediate 
facilities to summer dead-end facilities are disallowed. The winter res- 
triction ensures that summer dead-end facilities receive no input 
during the winter; the summer restriction ensures that the winter inter- 
mediate facilities can start off each winter season empty. 
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5.2.3 Potential facilities 

The computer program ALL02 assumes the type of model, as descri- 
bed here, in its general form. A user must define the number of sources 
and the number of facilities of each type. In a typical regional problem 
there are 5 to 10 sources large enough to include in the model, and the 
planner may wish to have 10 to 25 facilities considered by the computer. 
Some of these facilities may already exist, but probably most of them are 
only postulated as being feasible at given locations. All the facilities 
to be considered by the computer, whether existing or postulated, may be 
called the "potential facilities" i.e., those which are potentially in the 
optimal solution. It is important that Che planner have a location and a 
type of treatment in mind for each of the potential facilities, so that 
cost functions and the connecting transport links can be set up. Models 
which have facility location or type of treatment as a variable, rather 
than as a fixed parameter, cannot be made practical. Location and type of 
treatment are not variables in the ALL02 program. However, in this model, 
several facilities may effectively represent the same type of treatment 
component, e.g. landfill, at different locations. By the same token, several 
facilities may represent different possible types of treatment at the same 
location. When the computer finds the least cost set of sludge flows for 
the transport links, i.e., the optimal solution, those facilities with total 
input over zero are viewed as the optimal combination of facilities that 
ought to exist. (Thus, optimal solution is synonomous with optimal combina- 
tion of facilities.) The computer, by choosing among facilities in this way, 
may sometimes effectively be choosing among locations for the same type of 
treatment component, or among types of treatment for the same location. 

5 .3 Cost Functions 

5.3.1 Component cost functions 

The model assumes simple linear cost functions for the transport 
links and fixed-charge linear cost functions for the intermediate and dead- 
end facilities. The program must be given coefficients to describe the cost 
functions in terms of the slopes of the curves, the magnitudes of the fixed 
charges , and the limit values of the constraints imposed on the total input 
to the facilities. All-year dead-end facilities are exceptions to the rule 
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that a constraint on total input makes a facility cost function jump 
straight up, since these particular dead-end facilities are conceived as 
usually being landfills receiving dried sludge from intermediate facili- 
ties. This also means that they do not handle the type of sludge which 
is more difficult to apply in a landfill, namely, liquid sludge. So, 
for an all-year dead-end facility, although the cost function is total 
input (regardless of its origin) on the horizontal axis, the point at 
which the cost function jumps straight up is variable. It is the point 
at which the subtotal of input directly from sources reaches the limit 
value of the constraint. 

5.3.2 System cost function 

Figure 19 shows the model broken down into summer and winter 
systems. Types of transport links possible in winter are shown in solid 
lines, and those possible in summer are shown in dotted lines. The 
symbols S, lA and DA represent the complete set of sources, all-year 
intermediate facilities, and all-year dead-end facilities, respectively; 
all of these components appear twice, once in winter and once in summer. 
The symbols IW and DS represent winter intermediate facilities and summer 
dead-end facilities, respectively; these elements appear just once. 



All-year 
System 



Winter 
Summer 



#■ 



Winter System 




Summer System 



DA, 
I 



^C' 



'.-lA 



■DS 



FIGURE 19. TYPES OF TRANSPORT LINKS IN THE MODEL. BROKEN DOWN INTO SEASONS 
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For any set of values for the variables representing flows in the 
transport links, the model assumes the total system cost can be calculated 
as follows, as long as no constraints (to be described later) are violated. 
Denoting the total flow in the link from point i to facility m by X. in 

the winter and Z, in the summer, and the slope of the linear transport 

im 

link cost functions by C. ; then the total cost of transport links is: 

im 



X. + Z. 1 C. + \ \ f X. + Z. C. 
im im i im / / I im im / im 



J Z 1 



in= L= m= 1= 

all DA all S all lA all S 

&. all lA 



+ > ^ X. C. + > > Z, C. . (1) 
' ' im im / / im ira 



m= 1= m= 1= 

all IW all S all DS all S 

& all IW 

Denoting the slope of the cost function of a facility m by B , the contri- 
° m 

bution to total system cost from the slopes of facility cost functions is! 

B \ f X + Z, 1 + \ B \ (X. + Z. 
m / I im imj / m / I im im 



m= i= ni= t= 

all DA all S all lA all S 

& all lA 



+ ) B > X. + > B > Z. , (2) 

m / ira / m / tm 



m= 1= m= 1= 

all IW all S all DS all S 

& all IW 

To use this expression for the cost contribution, the cost functions 
for all facilities must be expressed in terms of the annual sludge 
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input to the facility. The above two contributions (expressions (1) and 
(2)), may be combined into the expression: 




m= L= 
all DA all S 

& all lA 



X. + Z. 
, im i.m 



B + C. 

m im 



+ 




m= 1= 
all lA all S 



+ 




im 



B + C. 
m im 




Z. 



Lm 



B + C. 
m im 



m= 1 = 
all IW all S 



m= 1= 
all DS all S 

& all IW 



This may be called the "total system variable cost". The first three 

sums in expression (3) will be referred to as the contributions from 

"winter and all-year sludge distribution", and the fourth or last sum 

as the contribution from "summer sludge distribution". The quantity 

(B + C, ) may be referred to as the unit variable cost, or distribution 
m im 

cost, for a particular transport link. 

To express the contribution of facility fixed charges to the 
total system cost, the notation H[x] will be used to denote if x = 0, 
and 1 if X is greater than 0. So, denoting the fixed charge in the cost 

function of a facility m by A , the total fixed cost is: 

m 



(3) 



A H 

m 



m= 
all DA 



X. + Z. 



1 = 

all S 
& all lA 



+ 



A H 
m 



m= 
all lA 




X. + Z. 

im im. 



+ 



A H 
m 



m= 
all IW 



E 

i= 

all S 



X. 



im 



), 


A 

m 


H 


): 


m= 
all DS 


i= 

all S 
-6^ all IW 



im 



(4) 



The total system cost is just the sum of this expression plus expression 
(3), i.e., the total fixed cost plus the total variable cost. The 
combined expression is the objective function. 



5.4 Constraints 

The main constraint imposed on the variables (i.e., on the 
X's and Z's) are those required to make each facility cost function 
jump straight up at some point, thus putting an upper limit on the size 
of the facility: denoting this limit for any facility m by L^, 



if m is an lA or DA, ) X + Z ^ \ (5) 



1= 
all S 



(6) 



if m is an IW, ) '^im "^^ 



xra m 



1= 
all S 



and if m is a DS, 



1« 

all S 

& all IW 



im m 



(7) 



On the left side of expressions (5), (6) and (7) is the total input to 
facility m, with the exception that in expression (5), if the facility 
is an all-year dead-end facility, then the sum does not include input 
from intermediate facilities, but only from all sources. On the right 
side of these three expressions is the limit, for the quantity on the 
left side, beyond which the computer program does not let the left side 
vary when it is looking for the least cost values for sludge flows on 
the transport links. This has the effect of having Che facility cost 
functions jump to infinity at these limits on input (or size). The 
relationships between the output and input of intermediate facilities 
are also viewed as constraints. Denoting by V^ the given 'Volume 
reduction factor" or ratio of volume out over volume in, for any facility 
a. 
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If m is an lA, 



; , 


Z . 




V 
m 


; , 


X. 
ira 


all DA 


i = 
all S 





(8) 





if m is an IW, > Z . = V > X. 

mj m / ^ im 

j = 
all DS 



Note that the volume reduction factor is associated with a facility; 

it is assumed to be the same for that facility regardless of the source 

of the sludge. 

Of course, the model also imposes constraints which ensure that the 

given output of each source is entirely disposed of: denoting by Q^ 

the output of any source i. 




+ > X. + > Z. = Q. 
' im / im 1 



All lA 
6c all DA 





(10) 



5.5 General Optimization Strategy 

As explained in Chapter 4, the least cost combination of 
facilities is found by repeatedly finding least cost values for sludge 
flows in the transport links with different combinations of potential 
facilities permitted to have input greater than zero. Our program 
effectively does this by repeatedly rebuilding the model, including a 
different combination of facilities each time. With each reconstruction 
it finds the values of the X' s and Z's that yield the lowest total 
variable cost (expression (3)). The sum of this cost plus the total 
fixed charges for the given combination of facilities yields a total 



If' 



system cost used to compare it with other combinations of facilities. 
All possible combinations of facilities are compared in this way, finally 
producing the global optimum and several near-optimal combinations of 
facilities. 

The total fixed charges may, of course, overestimate expression 
(4) , since some facilities in the combination may have zero input in the 
optimal set of sludge flows . However, the combinations of facilities 
are enumerated in such an order that this never causes any difficulty. 

The program optimizes the sludge distribution for a given 
combination of facilities by the following process. First, the winter 
distribution is optimized (flows on transport links of the type indicated 
by solid lines in Figure 19). This builds up a certain inventory in 
winter intermediate facilities (if there are any in the combination). 
Then the summer distribution is optimized (flows on transport links of 
the type indicated by dotted lines in Figure 19). In the summer, the 
entire inventory of each intermediate facility, as modified by its 
volume reduction factor, is sent to summer dead-end facilities. 

Optimization of summer distribution is facilitated by the 
following assumption. It is to be expected that transportation considera- 
tions would give any all-year facility (either intermediate or dead- 
end) a constant input rate all year. Therefore, the program assumes 
that the summer flows (Z's) on transport links connected to all-year 
facilities must give the same rate in summer as the winter flows (X's) 
give on the same links in the winter. Let W be the fraction of the 
year that is winter. For the rate in summer, Z/(l-W), to equal the 
rate in winter, X/W, then Z must be just X (1-W) /W for each all-year 
link. 

Due to this assumption, it follows that a source that sends 
some amount of sludge to winter intermediate facilities in winter must 
send sludge at the same rate to summer dead-end facilities in summer. 
So the procedure generates the constraints shown in expression (11) for 
all sources i. All flow patterns considered by the program follow these 
constraints. 

The only problem left in the summer distribution is then to 
determine the optimal flows on the transport links from sources and winter 




xm — r: — / im (11) 



in= m= 

all DS all IW 



intermediate facilities to summer dead-end facilities. Therefore, the 
program builds a model of this summer subsystem, using the above expres- 
sion to calculate source outputs and the inventory accumulated in winter 
to calculate the outputs from winter intermediate facilities. If any 
of these outputs are found to be zero, the source or facility is left 
out of the summer subsystem model. Since this model is our main 
interest when we are concerned with the summer distribution, we shall 
often call it "the summer system" even though it excludes the all-year 
subsystem that is also operating in the summer. The all-year subsystem 
is constant all year and directly determined by the winter optimization. 
In the process of optimizing the distribution for a particular 
combination of facilities, we associate the all-year system very closely 
with the winter system, and hardly at all with the summer system. The 
whole system becomes divided conceptually into the two parts "winter 
and all-year system" and "summer system (excluding all-year system)". 

5^>jSi Details of the Technique 

Now that the optimization process has been described once, 
we shall go over it again and add a few details. 

5.6.1 The weighting factor 

In order to optimize the transport link flows for the winter 
sludge distribution for a particular combination of facilities, the 
program takes as its objective function that part of the total system 
variable cost (expression (3)) that pertains to the winter system 
(expression (12)). There is no consideration, in this expression, for 
the cost of the summer system. However, the minimum cost of the summer 
system is strongly dependent on the winter optimization. Not only is 
the all-year system (which is operating in the summer) directly determined 
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X. B + C. + > > X. B + C. 






8^ 1-= WF' i = 

all DA all S all lA all S 

& all lA 



+ > > X. { B + C.. 1 (12) 

m= i = 
all IW all S 



by the winter optimization, but also the summer system (excluding the 
all-year system) has to satisfy the demands put on it by the inventory 
in winter intermediate facilities and the sources that created that 
inventory. 

It is conceivable that the least cost winter and all-year system 
could lead to a high cost summer system, whereas another choice of the 
former could give a low cost summer system and a lower total system cost. 
In order to achieve the correct balance between the cost of the winter 
system and the cost of the summer system, the program actually uses 
a bias on the first two of the three sums in the expression (12). That 
is, in the objective function actually used to optimize the winter 
system, these first two sums are multiplied by 2 , where F is a 
weighting factor given to the program as data. If F = 0, there is no 
change (no bias). If F is greater than 0, the modified objective func- 
tion biases optimization in favour of using winter intermediate rather 
than all-year dead-end or intermediate facilities; this tends to put 
more demand on the summer system. On the other hand, if F is less than 
0, the modified objective function biases optimization against using 
winter intermediate rather than all-year dead-end or intermediate facili- 
ties; this tends to put less demand on the summer system. 

Later, in Chapter 6, the procedure for making trials to estimate 
the best value for F will be described. In our experience, no more 



than three values need to be tried to find one that yields an approximate 
global optimum within 1% of the correct solution. Such accuracy is more 
than adequate, especially in view of the uncertainty that always accom- 
panies the data given to the program to describe the cost functions. Our 
approximate method yields valuable savings in computing time: the alter- 
native is to use a program that would optimize the winter and summer 
systems simultaneously, which would at least double the computing costs. 

5.6.2 Cost calculations 

When the winter sludge distribution has been optimized, the 
program immediately calculates the contribution to total variable cost 
from not only the winter system, but the winter and all-year systems: 
this is expression (12), using the optimized X's, with the first two 
sums divided by W, since for the all-year system the summer flows are 
2 = P " ^ j X and the total annual flows are X + Z =f — "*" ^ ~ — j X = X/W, 
where W is the fraction of the year that is "winter". If the program 
is asked to print out the solution, it gives at this point the total 
annual flows (winter plus summer) for the all-year system, the winter 
flows for the winter system (excluding the all-year system), and the 
contribution to total variable cost from both the winter and the all- 
year distribution. 

Then the model for the summer subsystem is set up, the summer 
distribution optimized, and if printing-out of the solution is called 
for, the optimal Z's are printed out along with the contribution to 
total variable cost from this optimized summer distribution. 

5.6.3 The use of linear programming 

Linear programming is used extensively in ALL02, It is not 
necessary to know the details of its use unless modification of the 
program is intended. In that case, you should refer to the detailed 
program description in Appendix V. Here, we shall just indicate where 
linear programming is used in the optimization process. 

To optimize the winter distribution for a particular combination 
of facilities, the program first assigns, to each all-year intermediate 
facility i, the all-year dead-end facility, m, that gives the lowest 
value of (b + C ]. The value of B . , the variable cost coefficient of 
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+ c. 

m im 



V. where, V. is 
1 1 



the intermediate facility, is then raised by 
the volume reduction factor of intermediate facility i. That is, each 
all-year intermediate facility i has the variable cost of ultimate 
disposal to the cheapest dead-end facility incorporated into Its own 
variable cost. Now the model of the winter system has been reduced to 
a one-stage system as shown in Figure 20. 




lA' = all-year intermediate facilities 
with cost of ultimate disposal 
incorporated Into variable cost 



FIGURE 20. WINTER SYSTEM AFTER ASSIGNMENT OF ALL-YEAR DEAD-END 
FACILITIES TO ALL-YEAR INTERMEDIATE FACILITIES 

There are only sources (S) linked directly to sinks (DA, lA', and IW) . 
The prime on lA designates that facilities in this set have had their 
variable cost augmented by the cost of ultimate disposal to all-year 
dead-end facilities. The costs of this system are the unit variable 
costs (B + C ) for each link* from source i to sink j where B. is 
suitably augmented for members of lA* ; and the constraints on the system 
are that each source must have its total output (annual output multiplied 
by W, since this is just for winter) disposed of, and that no sink can 
have total input larger than its limit (annual limit multiplied by W 
unless it is a winter intermediate facility). The optimization of this 
system is the "transportation problem", a simple case of linear programm- 
ing, as explained in the preceding chapter. 



* For links to DA or lA' facilities, the variable cost is multiplied by 
2(F/2) for biasing. 



To optimize the sunnner distribution, the model of the subsystem, 
as shown in Figure 21, is interpreted inunediately as a transportation 
problem. 



A 



IW' 5»- DS 



S' = sources which sent sludge to IW facili' 
ties in winter. 

IW' = winter intermediate facilities that 
received sludge in winter. 



FIGURE 21. SUMMER SYSTEM (EXCLUDING ALL-YEAR SYSTEM) WITH SELECTED 
SOURCES AND WINTER INTERMEDIATE FACILITIES. 

There are just sources (S' and IW*) linked to sinks (summer dead-end 
facilities). The costs of this system are the unit variable costs (B. + 
C.) for each link from point i to point j, and the constraints on it 
are that each member of S' must have its total output (as obtained by 
equation (11)) disposed of, and that each member of IW' must have its 
total output (as obtained by equation (9) ) disposed of, and that no 
member of DS can have total input larger than its limit. 

Thus, there are two transportation problems to solve for 
each particular combination of facilities, one for the winter and one 
for summer. This can be done very quickly by the primal-dual method, 
especially in this program, which maintains lists of pointers to monitor 
the elements of the sparse matrices involved. 



5.7 



General Operation of the ALL02 Program 



In the preceding sections of this chapter, the model on which 
the ALL02 program is based has been described. Some mention of the 
program has been made in order to indicate how it and the results it 
gives are affected by the model's assumptions. To understand how the 
program is best applied in planning, further discussion is necessary. 



In the remainder of the chapter, we shall look at the general operation 
of ALL02. 

5.7.1 Components of the program 

Figure 22 shows a flow chart of the ALL02 program. It should 
be read from top to bottom, following the arrows to skip up or down 
when stated conditions are met. This is what may be called the "main 
routine" of the program. It contains a large number of small routines; 
it also refers to several routines which are external to it, called 
"subroutines". In addition to the main routine and the subroutines, 
the ALL02 program contains some special "functions". It also contains 
a "block data" subprogram that initiates certain quantities whenever 
the program is run. 

This flowchart will now be discussed with elaboration and 
comments to provide an understanding of how the ALL02 program works. 

At the top of the chart the program divides into two parrallel 
paths. The path taken depends on whether the title card of the data 
deck has indicated that the run is to be a continuation of a previous 
run. If not, as normally happens, the data deck is read by a subroutine 
START to get a "case" of data. This point in the program may also be 
reached after a "case" is finished, in order to start a new "case". 
A "case" is a set of information such as source outputs, facility cost 
coefficients and size limits, and transport link cost coefficients. 
Before reading the first case in a run, subroutine START reads the data 
deck to obtain information which is the same for all cases in the run, 
such as the number of sources and the number of facilities of each kind. 
The global optimum Is found for each case in a run. The primary purpose 
of running more than one case at once is to compare results for different 
points in time; as time goes on, production at sources usually rise 
and certain costs may increase. This is done slightly more efficiently 
in one run than in separate runs, since some of the information stays 
the same. Different cases in a run may also be used to determine the 
effect of changing cost functions that contain some uncertainty. 

Subroutine START also initiates all variables which must have 
this done for each case. The variables mentioned in the flowchart 
will be explained as we go along. Of particwlar interest is FACSET, which 
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BEGIN 



J^ 



Read tide of data deck 



s this a continuation of a previous run that was abnormally terminated? 



Winter: Set up matrices for constrained optimization of winter system and execute 
subroutine LINPRO. Calculate optimal variable cost for winter and all-year system. 
— I If this plus total fixed cost is greater than C* + EPS and NETOUT = "false", go to Survey. 
If NETOUT = "true", execute subroutine LAYOUT to print out optimiz&d winter and 
all-year distribution. 



Execute subroutine START to get data for new case 
and to initialize variables: eg. FACSET, NOSMMR, 
LINCAL, and NST0R=O; NETOLT and STOSET = "false" 



I 




yes 



Read from dataset IR2 to 
get values to continue 
the previous run. 



1 



Survey: If FACSET is a multiple of IDUMP, write current values on dataset IW2 with 

which the run can be continued if abnormally terminated. 

Generate a new combination of the potential facilities by using routine COMDEX or 

by reading data. If no new combination exists, go to Results. 

Raise FACSET by one. l£ FACSET is then a multiple of ARBOUT, set NETOUT="true", 

otherwise "false". 

If total demand on winter system is greater than total facility limits, go to Survey, 

If NETOUT = "true" go to Winter. 

If total fixed cost of facility combination is greater than C* + EPS, go to Survey. 

Do unconstrained optimization on winter system. 

If total fixed cost plus variable cost contribution from winter and all-year system 

is greater than C* + EPS, go to Survey. 

Do unconstrained optimisation on summer system. 

If total system cost is greater than C* + EPS, go to Survey. 

If winter constraints have been violated, go to Winter. 

If summer constraints have been violated, go to Summer. 

Go to Store. 



Summer: If total demand on sunmer system is greater than total facility limits, 

raise NOSMMR by one and go to Survey. 

Set up matrices for conctrained optimization of summer system and execute subroutine 

LINPRO. Calculate optimal variable cost for summer system. 

If NETOUT = "true", execute subroutine LAYOUT to print out optimized summer distribution. 

If STOSET = "true", go to results to get next cheapest solution. 

If total system cost is greater than C* + EPS, go to Survey. 



Store: Calculate facility combination code number. If this number is already in the 

list of current best solutions, go to Survey. 

Raise NSTOR by one. 

If number of stored solutions Is already MAXSOL and the total system cost for the 

current solution is greater than H* , set NYOUT = "true" and go to Survey. 

Insert facility combination code number and total system cost into list of current 

best solutions. If necessary to keep number of stored solutions down to MAXSOL, 

displace the current highest; cost solution in the list. Revise NYOUT, C* and H*. 

Go to Survey. 



Results: Execute aubroutine IRANK to rank the stored solutions by total system 
cost. Set NETOUT and STOSET = "true". 

For each solution in order by rank, find the combination of facilities by exe- 
cuting subroutine DECODE, and go to Winter. 



Print out case statistics. 

Read end card for current case of data. 



yes 



7~; 



s there another case in this run 



? \ "° > ^"T^ 



FIGURE 22. 



FLOWCHART SHOWING MAIN OPERATIONS IN ALL02 PROGRAM 



is a running count of the number of facility combinations that have been 
generated for evaluation In a case. 

5.7.2 Normal survey and storage of solutions 

Now let us examine the structure of the program involving the 
blocks labelled "Survey", "Winter", "Summer". "Store", and "Results". 
With each COTnblnation of facilities generated in Survey, an attempt is 
made to optimize the Winter and Summer sludge distribution. During this 
optimization, the facility combination is screened to see if it compares 
well enough with the facility ccraibinations stored in the current list 
of best solutions, to provide an opportunity for it to be stored in this 
list. As the optimization proceeds, the variable cost in the objective 
function increases. Since the total system cost is certainly higher than 
the total fixed charges plus the variable cost at any point except the 
optimum one, as soon as this exceeds a given criterion, the solution is 
abandoned and Survey begins again with a new facility combination. The 
criterion is C* + EPS, where C* is the cheapest total system cost among 
the solutions in the list of the current best, and EPS is a quantity 
read in as data at the beginning of the run. EPS is the margin, above 
the optimal solution, beyond which the user is not interested in any 
near-optimal solutions . 

As well as C*, the list of current best solutions has two other 
important attributes: H*, the highest total system cost among the solutions 
in the list, and MAXSOL, the maximum number of solutions the list may 
contain. The list starts out empty at the beginning of a case and fills 
up as different facility combinations are evaluated; during this time 
C* and H* will decrease but MAXSOL, which is read In as data at the 
beginning of the run, stays the same. 

If a facility combination passes through all screening as the 
sludge distribution to the facilities is optimized, Chen the block Store 
calculates a code number that uniquely identifies the potential facilities 
in the combination which have total input over zero. The list of 
current best solutions contains only such code numbers and the corresponding 
total system costs. If the list already contains a code number equal to 
that of the combination of facilities now under consideration, the 
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combination is abandoned and Survey starts again. Otherwise an attempt 
is made to store the facility combination in the list. NSTOR is a 
running count of the number of such attempts in the case. The word 
"attempts" is used because the combination cannot be stored in the list 
if the list is already full and H* is less than the total system cost 
of the combination under consideration. The program contains an indicator, 
NYOUT, which has the value "true" whenever H* is lower than C* + EPS 
and a facility combination falling between H* and C* + EPS has been 
rejected from the list of current best solutions. If an attempt to 
store a facility combination (that is, its code number and total system 
cost) is not thwarted in this way, it is necessary to discard the member 
of the list with cost H* in order to make room for the new member, if 
the list has already reached full size. When this process is finished 
Survey begins again with a new combination of facilities. 

When there are no more facility combinations, the block "Results" 
takes over to print out the final list of best solutions. Much time 
and space has been saved by storing each solution in terms of just a 
code number and its total system cost, but now some time must be spent 
on decoding each number, using subroutine DECODE, and optimizing the sludge 
distribution again for the resulting facility combination. The blocks 
"Winter" and "Summer" are used for this optimization, and the same optimal 
distribution of sludge to facilities and the same total system variable 
cost are obtained as when the facility combination was generated by 
Survey. 

However, the facility combination may be smaller than the one 
generated by Survey, because a code number does not record facilities 
that have zero input in the optimized sludge distribution. This causes 
no problems with the total fixed charges for the facility combination, 
due to a special property of the routine COMBEX normally used by Survey 
to generate all possible combinations of facilities. 

Depending on an indicator in the data for the case. Survey 
will either generate all possible facility combinations using COMBEX 
or it will obtain combinations from the data itself. Normally COMBEX 
is used, since only by evaluating all possible combinations can we be 
sure of finding the global optimum. COMBEX starts with combinations 
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containing the smallest number of facilities, and proceeds to the largest. 
Thus, a comhination whose optimized distribution does not use certain 
facilities will generally be abandoned because its code number would 
already have been stored when the smaller combination, not including 
the unused facilities, was evaluated. Another possibility is that the 
smaller combination yielded a total system cost too high for considera- 
tion and of course, the larger combination with the same facilities 
being used would cost even more. "Generally" is used because It is 
possible, through indicators in the data, to instruct COMBEX to include 
certain facilities in very combination. When using COMBEX, the only 
facilities with zero input in a facility combination being stored will 
be facilities included in every combination. If these are not to cause 
differences in the fixed charges before and after storage as a code 
number, the fixed charges of facilities instructed to be included in 
every combination must be zero. 

5.7.3 S_ ho r_t runs with specified facility combinations 

It is not desirable to use COMBEX, but to have only certain 
facility combinations evaluated when trial runs are being made to study 
the effect of a weight factor (section 5.6.1) or some uncertain cost 
functions. In the latter case, the operation of the program with regard 
to storage of least cost combinations of facilities might produce 
unexpected results if facilities with non-zero fixed cost turn out to 
have zero input and the facility combinations are entered in the data in 
an unsystematic order. Such results would have a facility combination's 
stored total system cost larger than the cost calculated at the time 
of printing out the final list of best solutions, and the solutions in 
this list may be ranked in the wrong order. It is even possible, if 
the values of EPS and MAXSOL in the data produce restrictive conditions 
on the storage of facility combinations, that combinations will be abandoned 
that really should be stored. 

5.7.4 In-process printout 

The variable ARBOUT is included in the data primarily to check 
for such unexpected performance. Every time FACSET (the facility 
combination counter) reaches a multiple of ARBOUT, an indicator NETOUT 
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is set "true" and this causes the entire distribution for the facility 
combination to be optimized and printed out before it is screened. This 
NETOUT is the same indicator used by the block "Results" to have the 
final solutions printed out. 

Even when using COMBEX, it is advisable to enter a value for 
ABtBOUT that will cause a few printouts of solutions that are not neces- 
sarily going to end up in the final list of best solutions, just for 
comparison. However, too many such printouts should not be attempted 
(i.e., ARBOUT should not be too small) since the amount of paper and 
computing time used with NETOUT = "true" is quite large. 

5.7.5 Controlling pr o gram efficiency 

Using COMBEX, a computer run can become very long, since all 

possible combinations are evaluated. For example, if there are 20 potential 

20 
facilities, there are at most 2 - 1 = 1,048,575 possible combinations. 

We say "at most" because COMBEX does not generate combinations that 
contain facilities that are obviously useless. For example, if a combina- 
tion contains winter intermediate facilities, but no summer dead-end 
facilities, the winter intermediate facilities cannot be used because 
their output would have nowhere to go. Also, if COMBEX is being used, 
the program reads from the data A MAXSIZ values - the maximum number of 
facilities of each type that should be contained in a combination. For 
example, if complete decentralization is obviously undesirable, it is 
realistic to assume that the number of facilities of one type in the 
optimum solutibn could not be larger than the number of sources. This 
rules out many combinations that contain a large number of facilities. 

Overriding these two features are any data indicating that 
COMBEX must include certain facilities in every combination. This does 
not affect the results if these facilities have zero fixed costs, but 
it has a very great effect on the number of possible combinations. For 
instance, in the case of 20 potential facilities, if 5 of them are always 
included, the number of possible combinations drops to 2 - 1 = 32,767; about 
97Z of the previous combinations have been eliminated. Moreover, a 
fourth feature is available which overrides this; data may be entered 
saying that certain pairs of facilities should not coexist in any facility 
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combination. For Instance, if three facilities A, B, and C actually 
represent different possible types of facilities at the same location, 
and it is obvious that no more than one of them could actually exist at 
the location, then COMBEX could be instructed not to let A and B both 
occur in any facility combination, nor B and C, nor A and C. This would 
greatly reduce the number of possible combinations. 

Computing time increases not only with the number of facility 
combinations evaluated, but also with the number of facilities in each 
combination. Optimization of the distribution for a combination with a 
large number of facilities takes longer than for a smaller combination. 
This effect is especially troublesome with linear programming, so the 
program tries to avoid using linear programming, i.e., subroutine LINPRO, 
when it is unnecessary. This is the main reason why so much emphasis is 
put on screening each facility combination as its sludge distribution is 
being optimized. An important screening feature, which has not yet been 
discussed, is the unconstrained optimization performed in the block Survey. 
Here the constraints on the sizes of the facilities are ignored and 
optimization proceeds by a very simple process. If the total system 
cost found in this way is greater than C* + EPS, then the cost found 
with constraints certainly will be also, and the constrained optimization, 
which requires linear programming, need not be done. On the other hand, 
if the solution passes this screening, it is then necessary to perform 
the constrained optimization, unless it is found that no constraints 
have been violated, in which case the Store block immediately takes over. 

5.7.6 The restart feature 

Even with all these features it is possible for the program 
to overrun the time or paper restrictions put on it by the computer; 
then the program would be abnormally terminated. This means that it 
may stop in the middle of a case. In order to continue the run without 
the expense of redoing the whole case, the program needs the values of 
all the variables used during the execution of a run. Every time FACSET 
reaches a multiple of IDUMP, which is read in as data for the case, the 
program writes out this set of values on a dataset called IW2. This should 
be a tape, disk or card output, so that if the run is abnormally terminated. 



72 



transport link 1. Note that this second method gives the 
option of entering C. directly as well, in the guise of d., 
if you indicate a haulage formula with a=0 and b=l. 

Method 3. Still more work may be saved if haulage formulas are used, 

as in the second method, but instead of entering a trip length 
in the data for each transport link i, just let the computer 
use t, instead of d, where t, is an approximate trip length, 
which the computer finds at the beginning of a run as ALPHA 
times the straight-line distance between the two ends of 
the transport link. ALPHA is the "travelling factor" that 
is supposed to convert straight-line distance into actual 
trip length. The straight-line distance is obtained from 
(x,y) coordinates for the ends of the transport line; thus, 
coordinates have to be entered in the data for each source 
and facility, before any of these case data. These are the 
parameters for calculating trip lengths that have been referred 
to above. For a model with 10 sources and 20 facilities this 
is only 30 pairs of coordinates, which is much easier to put 
together than 200 or more trip lengths. Note that it may be 
desirable to use a set of haulage formulas that can compensate 
for the approximation involved in t.; therefore, we say the 
cost function is obtained as C, = a, + b 



. = a, + b. t, for transport 
"i 1 i 



link i, using the haulage formula indicator k. instead of 

3 . , since the haulage formula may be different for this link 

than if the actual trip length d. was used. 

As a simple illustration of the three methods of entering trans- 
port cost data. Figure 23 shows the relative location of two sources called 
w and X and two sinks called y and z. The diagram indicates the transport 
links by abstract straight lines numbered 1 to 4, rather than by actual 
travelling routes. In Table 4, imaginary data are shown as set up using 
the three possible methods, showing how the three methods could yield 
approximately the same cost functions. 



Y coordinate 



w,x - sources 
y,z = sinks 




X 
coordinate 



FIGURE 23. TRANSPORT LINKS FOR SLMPLE ILLUSTRATION OF DIFFERENT 

METHODS TO ENTER TRANSPORT COST DATA 
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another run can read in the last of these sets of values and continue 
execution from the point at which it was written out. Thus, no more 
than IDUMP facility combinations need be re-evaluated. A dataset being 
read in to continue a previous run is called IR2. As mentioned at the 
beginning of this section, the program finds out whether or not to read 
IR2 by reading the title card of the data deck. If the first letters 
on the card are "REST" as in the title "REST OF RUN NUMBER 100" then 
the program reads IR2. 

5.7.7 Normal termination 

After a case is finished, the program prints out some statistics 
that tell how well the program ran the case: FACSET, NOSMMR, LINCAL, and 
NSTOR. At this point, FACSET is the total number of facility combinations 
generated in the case. NOSMMR is the number of times the winter optimiza- 
tion gave the summer system a demand that was impossible to satisfy - 
this has always been zero in our experience. LINCAL is the number of 
times the subroutine LINPRO was used, and NSTOR is the number of times 
the program attempted to store a solution. 

A data card is then read to see if another case is included 
in this run. If not, which is indicated on the card by the first 
characters "====", the program stops. Otherwise, subroutine START 
takes over to read the data for another case. 

5.7.8 Printout format 

The only thing yet to mention is subroutine LAYOUT. This is 
used to lay out the optimized distribution in an easily-read table and 
print it out. If the table has a large number of columns, it is divided 
into parts that are printed one under the other, so that the printout 
never exceeds the width of a common typewriter-type computer terminal. 



6, HOW TO USE THE ALL02 PROGRAM 

The program requires many pieces of information to be fed into 
it. In this chapter each type of information will be described and 
suggestions made as to where it may be obtained. The program output 
will be discussed in Chapter 7, with the examples. The exact format of 
the program input data is described in Appendix IV. Two basic kinds of 
data are distinguished - "block data" and "input data", 

6.1 Block Data 

This is computing system information for the program. It is 
not required with every run, but only when the program is compiled. It 
consists of only five numbers that identify, for the program, the 
following: 

IRl = the computer input file unit which the program is to read as the 

input data deck (eg. a card Reader) 
IR2 = the computer input file unit which the program may have to read 

as data to continue a previous run (eg. a tape or disc) 
IWl = the computer output file unit which the program is to write on as 

the printed output (eg. a line printer) 
IW2 = the computer output file unit which the program is to write on 

as data to continue the run if it is terminated (eg. a tape or disc) 
INF = the largest integer number the computer can normally store and 

work with without causing overflow error. 

These five numbers, which will be readily available to anyone familiar 
with the computing system, are entered via the "block data" subprogram 
when the program is compiled. See Appendix V for full details. The 
datasets IR2 and IW2 were discussed in the preceding chapter. IRl and 
IWl are self explanatory. This chapter deals only with INF in block data. 

6.2 Input Data for a Run 

This is information to be included in the data deck for every run, 
Each type of information will be discussed in the order it would occur 
in the data deck. 
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The first thing is the number of sources in the model. This 
is from five to ten in a typical regional problem. Sources that are 
relatively small should not be included in the model, and sources that 
are very close together, so that their transport link cost functions 
are virtually identical, should be merged in the model. The smallest 
number of sources that gives the model sufficient realism should be 
used, since the distribution optimization process takes longer for a 
larger number of sources. With its current dimensions for computer 
storage space, the program can handle up to ten sources. 

The number of potential facilities can be up to about 30. 
Reasonable computing times (eg. two minutes per case) have been obtained 
with 27 facilities, in which 16 were included in every combination for 
a model with six sources. Large numbers of potential facilities require 
significantly more computing time. With its present dimensions for computer 
storage space, the program can take in up to 30 potential facilities. The 
limit on the number of deadend facilities of each kind is 20, while the 
liinit on the number of intermediate facilities of each kind is 10. 

An additional limit is posed here by INF, since the program 

NF 
calculates the number 2 , where NF is the total number of potential facil- 

NF 
ities. Obviously NF must be small enough to satisfy the condition 2 £ 

NF 
INF, or overflow error will result.* Overflow of the quantity 2 is 

NF -1 
not serious and would not cause a faulty run, but overflow of 2 would 

affect the storage of facility combinations by code numbers. 

For each source and potential facility the program requires an 

abbreviated name. Internally the program identifies each source or 

facility by a number; but in the printout, wherever any sources or facil- 

ties are mentioned, the appropriate abbreviated names appear along with 

the numbers in order to enhance legibility. Each abbreviated name consists 

of four characters, which may consist of numbers, blanks, and punctuation 

marks, as well as letters. For example, suitable names for a drying 

lagoon located at a place called Dagby might be "DGDL", "D8.L" or "DGL". 

The idea is to make it easy to recall what the abbreviation stands for 

and to distinguish it from other facilities or sources. 



30 
* Note that 2 = 1,073,741,824 and this is larger than INF on some small 

computing systems. 
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6.2.1 Transport cost data 

The information discussed so far remains the same for all cases 
in a run. Further information of this type are parameters for calculation 
of trip lengths, and parameters for restricting storage of solutions. 

The parameters for calculating trip lengths are required only 
if a case in the run requires trip lengths calculated by the program in 
order to get transport link cost functions. It must be explained at 
this point that the transport link cost functions in a case can be obtained 
by the program from the case data in three ways. An indicator in the case 
data itself tells the program which of the ways it is to use for that 
case. The three ways are*: 

Method 1. For each transport link i, the slope C. of its cost function 
can be entered directly in the data. 

Method 2. Since in reality C may have to be calculated for each link 
from a haulage formula and a known trip length for the haul, 
considerable work and possible error may be saved by having 
the program do these calculations for you. After all, if 
there are 10 sources and 20 facilities, then there are 200 
transport link cost functions without counting those from the 
intermediate to the dead-end facilities. It is much easier 
to indicate which haulage formula to use for each of these, 
than to actually do the calculations. A haulage formula j 
is of the form a, + b d, where d is the trip length for a 
transport link, and a, and b. are the haulage formula coeffi- 
cients. With its present computer storage space dimensions, 
the program will accept up to nine different haulage formulae 
or (a., b,) pairs. For each transport link i, the slope 
of its cost function is obtained as C. =a. +b, d,, where 
j and d. are entered in the data for each link to indicate 
which haulage formula to use and what the trip length is, 
respectively. We call j. the haulage formula indicator for 



* Whereas a transport link is usually identified by a double subscript to 
indicate the two ends of the link, here only a single subscript is used 
for simplicity. 



TABLE 4. SIMPLE ILLUSTRATION OF COST DATA USING THREE 

DIFFERENT METHODS FOR THE TRANSPORT LINKS IN 
FIGURE 23. 



DATA 



EFFECT 



METHOD I : 

Case Paca ; 

C: unit cost to y 

C: unit cost to z 



from w 
2.86 
2.52 



from X 
2.62 
3.50 



METHOD 2 : 

Case Data ; 

Haulage formulas: if j = 1 then a = 1.03, b = 0,03; 
if j - 2 then a = 0.88, b = 0.032. 



J : formula to y 

d: trip length to y 

J: formula to y 

d: trip length to z 



from w 

1 

62 

I 

50 



from X 
2 



'4 



2.86 
2.62 
2.52 
3.50 



($/cu yd) 



d, ■ 62 (minutes) 

d^ - 54 

d^ - 50 

d, = 82 
4 

C. - 1.03 + 0.03 X 62 = 2.89 

C„ • 0.88 + 0.032 X 54 = 2.61 

C- " 1.03 + 0.03 X 50 = 2.53 

C, - 0.88 + 0.032 X 82 = 3.50 
4 



METtiOD 3: 

Run Data ; ALPHA = 3 real minutes per "mile as the crow flies" 
co-ordinates: X Y 

Q 12 (miles) 

-16 



X 



t. » 15 X 3 = 45 (minuCes) 

t, = 25 X 3 = 75 

2 
t = 24 X 3 = 72 

t = 20 X 3 - 60 



'Z- 







Case Data ; 

Haulage formulas: if k = 1 then a = 1.1, b = 0.04; 
if k « 2 then a = 1.1, b - 0.02. 



k: formula Co y 
k; formula to z 



from w 
1 

1 



from X 
2 

il 



C. " 1.1 +0.04 X 45 = 2.90 

C- •= 1.1 + 0.02 X 75 = 2.60 

C- - 1.1 + 0.02 X 72 = 2.54 

C. -= l.l + 0.04 X 60 = 3.50 



M 



Consider the data shown under Method 3 first, as this is the 
least work for the user. The coordinates of the four points are entered, 
along with the factor ALPHA that is to convert miles "as the crow flies" 
to minutes for an actual return trip. This conversion factor is just an 
average: it yields values of t that are too small for links 1 and A but 
too large for links 2 and 3. This is compensated for in the values of b 
in the different haulage formulas. The data would be entered without 
calculating values for t or C, only using rough judgement to be able to 
say that the computer would come up with fairly good values of C. 

If more work is possible, a significant improvement in precision 
is usually achieved by entering the trip length for each link in the data, 
as shown under Method 2. Then the haulage formulas can be completely 
devoted to represent finer details in costs than a coarse correction for 
ALPHA, and neither ALPHA nor the coordinates are used in the data. The 
data are entered without calculating values for C, as the trip lengths 
and haulage formulas should be trusted to yield good values in the 
computer. 

Finally, if precision is of the utmost importance and work does 
not matter, each value of C can be entered directly, as shown under Method 
1. This requires many calculations that could probably be done by the 
computer. 

As discussed in Appendix III, typical values for a and b have 
been found to be about 1 and 0.1, respectively, for trip length in miles 
and C in dollars per cubic yard. However, the variation from one region 
to another is very large and a dependency on the water content of the 
sludge may also exist (haulage by dump truck has been found to be slightly 
cheaper per unit volume than by tank truck) . In regions with a lot of 
traffic, haulage formulas may be better expressed with trip lengths in 
units of time rather than distance. Of course, haulage formulas can also 
be used for transport links representing transport by rail or pipeline as 
well as truck or any other method. 

Whether a haulage system is owned regionally or privately, the 
transport link cost functions will involve a high degree of uncertainty, 
since the total amount of transport equipment and labour used by the 
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system will affect them, and this is not known until the optimal sludge 
disposal system is found and a transport schedule created to achieve the 
desired distribution of the sludge. Therefore, the computer program 
should be run with several different estimates. This is especially easy 
with the second and third method described above since only the haulage 
formulas need to be changed, not the data for each transport link. 

For truck haulage a fairly good starting point can be obtained 
using the current rates for truck rental and driver wages. For example, 
if the average truck capacity is 10 cubic yards, the total of rental plus 

wages is $30 per hour and the average road speed is 30 miles per hour, 

30/30 
then we can use b = — t-^ =0.1 dollars per cubic yard per mile. This 

is just the part of the unit cost chargeable to trip length. All the rest 

must be expressed by the coefficient a. The cost of daily travel from 

the truck depot and back can be ignored, compared to the cost of several 

hauls in a day. However, suppose the loading and unloading time for each 

haul is 20 minutes, then a = r-r = 1 dollar per cubic yard. 

The above explanation of the transport data is concerned mostly 

with data that are included in each case, and can be changed with each 

case in a run. Only ALPHA and the (x,y) coordinates are entered in the 

data before any of the cases, and this is required only if any of the 

cases uses Method 3 for obtaining cost functions, 

6.2.2 Solution sto rage parameters 

The last type of information that is the same for each case in 
the run is the pair of numbers, EPS and MAXSOL, that the program needs for 
restricting the storage of least cost facility combinations. As discussed 
in the preceeding chapter, EPS is the maximum difference allowed in the 
total system cost, between the current cheapest combination stored and a 
combination currently under consideration, if this combination is to be 
stored in the list of current cheapest combinations. MAXSOL is the 
maximum ntmiber of combinations of facilities that this list may contain. 
With its present computer storage space dimensions, the program will 
accept any number for MAXSOL from 1 to 20. 
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6.2.3 Source and facility data 

For each case in a run, the important parts of the data are 
the output of sources, the characteristics of potential facilities, and 
the transport cost functions. 

The total output of a source is just the annual production of 
sludge that the disposal system must handle. This is closely related to 
the population the treatment plant serves and the type of process it uses. 
As a starting point, the production in recent operations records may be 
used. Any change over recent years can be made for data cases represent- 
ing future points in time. Care must be taken to predict any future changes 
in the plant process that will affect sludge production, such as nutrient 
removal. 

Sludge quantities must be expressed in units compatible with 
the units used to express the slope of the cost functions. For example, 
cubic yards are compatible with dollars per cubic yard. Units of weight 
rather than volume may also be used, such as tons, especially if It is 
found that cost functions are more accurately expressed in terms of 
weight. Units can also be used that measure only a component of the 
sludge, such as tons of dried solids. When using anything other than 
volume units, special care must be taken to give the intermediate facility 
"volume reduction factors", values that will produce the correct ratio 
of total quantity out over total quantity in. 

The choice of units is somewhat restricted by INF. The program 
is designed with the expectation that the slopes of all cost functions 
will be between about 0.0001 and 10.0. However, it must work with fairly 
large integers (eg. larger than 100) to use the transportation method of 
linear programming accurately; so when it receives all the cost function 
slopes and calculates the value of B + C for each transport link, it 
immediately multiplies all these values by 10,000,000. Therefore, units 
that will make any of the values of 10,000,000 x (B + C) more than INF 
must not be used. 

Furthermore, as seen In Chapter 4, the program obtains the 
total system cost by summing several products of quantity times cost per 
unit quantity, and the result must never exceed INF. The choice of 
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units must give no chance of violating this rule with optimal or near- 
optimal solutions. The program itself will assure that the rule is not 
violated for nonoptimal solutions, since it is able to scale down sludge 
quantities for its computations and, if necessary, it also scales down 
the values calculated for 10,000,000 x (B + C) . The program is designed 
to expect sludge quantities (i.e., production of individual sources; size 
limits on facilities) to be entered in the data as numbers in the range 
from about 1000 to 100,000,000. It employs a scaling routine* that scales 
down the numbers as little as possible while ensuring safety from over- 
flow problems. All results in the printout are scaled up again so that 
the program user can generally ignore the fact that scaling has occurred. 
However, the printout shows the factor used for division of sludge 
quantities, and the factor used for multiplication of B + C (net^ multi- 
plication after multiplication by 10,000,000 and possible subsequent 
scale-down), as well as the scale factor (which may be less than one) 
used for multiplication of facility fixed costs for consistency. This 
information may be useful for understanding the small round-off errors 
that can cause a barely noticeable disagreement between results of cases 
that use the same input data expressed in different units. 

Returning to the discussion of specific input data, we shall 
proceed with the information required for each potential facility. First 
of all, there is the size limit in terms of total annual input. This may 
be used to avoid consideration of a size larger than is physically or 
politically possible at the facilities' given sites, to avoid consideration 
of expanding an existing obsolete facility, or to avoid consideration of 
a size beyond the range of validity of the facility's given cost function, 
as well as to represent a point in the cost function where the cost 
actually soars straight up. If there is no practical size limit on a 
facility, this information may be left blank, in which case the program 
assigns a number which is at least as high as the source production 
summed over all sources. It is necessary to have such a number to have 
the transportation method of linear programming operate properly; the 
special number the program uses is the lowest such number which has all 

* The routine is described in detail in Appendix V. 
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its digits the same. This special property makes it clear, in the print- 
out where the input data is reproduced, which facilities have been 
entered with no practical size limit. In addition, any facility entered 
with a size limit that is excessively large, that is, larger than this 
special number, has its size limit replaced by this number. 

The next facility characteristic required is the volume reduction 
factor. Of course, this is meaningful only for intermediate facilities. 
For other facilities, this information may be left blank. Typical values 
are (in volume units) 0.8 for storage lagoons, 0.25 for vacuum filter 
plants and 0.05 for a combined filter and incinerator. Operations records 
are the best source for this information. Numbers larger than one are 
also acceptable as might occur if an intermediate facility represents a 
biological treatment plant. 

Then there are the coefficients A and B of the facility cost 
function, where A is the fixed charge and B is the slope of the curve. 
We recognize that facility cost is usually calculated as the sum of two 
subtotals, one of which represents the total equivalent annual capital 
cost, and the other the total annual cost of operating and maintenance 
or "0 and M". Therefore, the program is designed to accept, for each 
facility, one pair of coefficients A_ and B, for capital cost and a second 
pair A„ and B for and M cost. In effect, two cost functions are 
entered, the sum of which gives the total facility cost function: the 
program immediately calculates A = A- + A_ and B = B. + B-. Note that 
A- and A. must be integers or zero, since non-zero fixed charges are 
at least $1,000. This method of entering the data facilitates changing 
a facility cost function from one data case to another; frequently, it 
is desirable to determine the effect on the results if just the and M 
costs are changed, or if just the capital costs are changed. 

The cost functions are usually quite easy to find for a certain 
type of facility and capacity. The independent variable or the horizontal 
axis is the total input in one year (must be a quantity in the proper 
units); the total and M cost at any point on the curve is primarily the 
total materials, chemicals, power, maintenance, parts and labour required 
to process that input. For the capital cost function, the independent 
variable or the horizontal axis is also the total annual input, while the 
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capital cost at any point is the equivalent annual capital cost of a 
facility at that input. Keep in mind that facility capacity, measured 
in terms of input per day, must be converted to actual total input over 
the whole year, for purposes of the cost functions. This will involve 
multiplication by a daily operating factor as well as the number of days 
in the year that the facility is used. 

The capital cost should be in terms of equivalent annual cost. 
Any book on engineering economics will show several different ways of cal- 
culating equivalent annual cost, each giving a different result. We 
believe that the best method in this application is to take the total 
present value of all expected cash out flow for capital expenses and loans, 
and divide it by the number of years of expected life of the sludge 
disposal system*. Unless the facility would have an "infinite" life 
(as a lagoon might), the cash flow should include a sinking fund or 
other provision for eventual replacement of the facility, assuming that 
it is desirable to have the facility available "forever" once it is built. 
Such a provision should also be included if it is obvious that the facility 
would require upgrading or expansion at some point in the future. On 
the other hand, it is possible that for some reason, such as the increasing 
value of the land at the locality of the facility, or increasing cost of 
transportation to the facility, it would be advantageous to retire the 
facility after the current period and plan a different sludge disposal 
system for the next period. Then the cash flow for the current period 
would include no provision for facility replacement, unless such was 
necessary within the period; but it would include an incoming credit for 
the sale or salvage of the facility upon retirement. 

A potential facility that represents an existing facility should 
not have capital charges included in its cash flow that are properly 
charged to a past planning period. For instance, if a facility is chosen 
to be built in the current planning period, the whole initial cost of the 



* By "life of the system" we mean the period over which the optimal 
combination of facilities produced by the model would remain essen- 
tially unchanged; or the period after which a new planning period 
entailing a different case of data would start. 



facility should be charged to the current system, even if the payments on 
a capital loan extend into the next planning period, since these payments 
have to be made during the next period whether or not the facility is 
used. However, in the data case for the next planning period, the 
existing facility could have included in its outward cash flow any lost 
benefits that would be caused by using the facility rather than retiring 
it - such benefits as credit for sale or salvage. 

When running data cases representing a system at different 
points in time, assumptions must be made, before the optimal combinations 
are known, as to what facility will be used in each time period so that 
their existence can be used in making up capital cost functions for them 
in the next time period. Since the optimal combination of facilities 
may depend on these assumptions, and the correctness of the assumptions 
may depend on the optimal combinations, a series of trials should be 
made, modifying the assumptions until they appear correct in light of the 
planning solutions. 

For basic ball park estimates of average capital and and M 
costs of facilities of various sizes, the 1971 Black and Veatch report 
for the U.S. EPA might be used. The pertinent material from the report 
is given in Appendix III. Costs can vary a great deal with locality, 
because of the labour situation and special problems with foundations, 
supplies and land costs, and with time (to be considered in data cases 
representing time in the future) , inflation and changing supply and demand 
conditions have a major effect. All told, precise estimates cannot be 
expected for constructing facility cost functions. The effect of uncer- 
tainty should be studied by making several runs with variations in the 
cost functions . 

Before leaving the subject of facility cost functions, we shall 
discuss the technique you may use to handle some of the types of functions 
which are uneven. When you calculate facility costs for different total 
inputs and plot the points obtained , it is sometimes impossible to fit a 
single straight line to the points satisfactorily. When this happens, 
you can represent the potential facility by two potential facilities at 
the same location: one with a cost function valid for low total inputs. 
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and the other with a cost function valid for high total inputs. The 
idea can be extended to three facilities representing three total input 
ranges , and so on . 

For example, it is common to plot capital cost versus input for 
an existing facility as shown in Figure 24. The capital cost of the 
existing facility is nothing, as long as the total input is less than 
the present capacity, except for the forfeited credit that would come 
from salvaging the facility if it were not used. For total input larger 
than the present capacity, the capital cost is calculated on the basis of 
expanding the existing facility so that, at this point, the curve takes 
a jump. Such expansion may incorporate the existing facility, or just 
part of it, or replace it entirely; you will have had to choose among 
these alternatives, possibly in different ways for different total input 
values, to do your cost calculations. In any case, the jump is too 
large to permit a satisfactory approximation by a single straight line 
from zero total input right up to the size limit of the expanded facility 
(see dashed line in Figure 24). Instead, you fit two different straight 
lines to the group of calculated points. This implies two separate 
potential facilities at the same location: the existing facility with a 
size limit equal to its present capacity, and an expanded facility with 
a larger size limit and cost function that are valid for total input 
larger than the size limit of the existing facility. Since the program 
will not accept a size minimum for a facility, you hope that the total 
cost function (capital plus and M) for the expanded facility will be 
higher than that for the existing facility, for all total input values 
smaller than the size limit on the existing facility, so that the program 
will automatically prefer the existing facility for these smaller values. 
You may proceed now to fit two straight lines to the calculated 
and M points, dividing the lines at the same value of total input as for 
the capital cost, as shown in Figure 25. Suppose this introduces a down- 
ward jump in the curve, as shown, since the and M for the old existing 
facility is not economical when operating near capacity. In other cases, 
you might have got an upward jump, or no jump at all. 



87 



140000 , 



EQUIVALENT 
ANNUAL 
CAPITAL 
COST 



80000 




40000 80000 

SIZE (total annual input) 



FIGURE 24. CAPITAL COST PLOT ILLUSTRATING DISCONTINUITY OWING TO 
EXPANSION OF EXISTING FACILITY 



ANNUAL 
& M 



110000 



72000 
70000 



30000 
20000 




-mu^ 



SIZE 
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For separated existing and expanded facilities you can now 
make cost functions as shown in Figure 26. The curves for the existing 
facility are just the left-hand parts of the curves in Figures 24 and 
25; for the expanded facility they are the right-hand parts in Figures 
24 ^d 25 extrapolated back to the vertical axis. 

By adding the curves for each facility together you find that 
the existing facility definitely is cheaper for all values of total 
input from zero to its size limit. So there is no problem. If you 
find that the expanded facility was cheaper for some values just under 
the size limit of the smaller facility, you could just decrease that size 
limit to the turning point where the existing facility became cheaper. On 
the other hand, if you found that the expanded facility was cheaper for 
some values just around zero, you would have to refit or tilt the curves 
slightly so as to eliminate that problem. 

In the very unlikely case that the expanded facility appeared 
cheaper than the existing facility for a majority of total input values 
between zero and the present capacity of the existing facility, you 
should investigate the actual cost of replacing the existing facility 
for low total input values, as opposed to the cost obtained by the back- 
ward extrapolation of the higher curves, before you decide to immediately 
scrap the existing facility. 

A simple check to perform when considering the representation 
of uneven or discontinuous cost functions by separate facilities is to 
see if the discontinuity in total cost (capital plus and M) is as 
significant as in the subtotal (capital or and M, as the case may be). 
If not, it may be sufficiently accurate to fit a continuous straight line 
for the total cost function, recalling that the program only uses total 
facility cost in its computations anyway. It saves a great deal of com- 
puter time if you use one potential facility in place of two. After 
fitting the total cost function curve, you could then apportion it arbit- 
rarily between two imaginary continuous cost functions representing capital 
and and M for submission to the program - ALL02 would not know the 
difference. 
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FIGURE 26. COST FUNCTIONS FOR EXISTING AND EXPANDED FACILITIES 
REPRESENTING ONE FACILIP: 



90 



In fact, whenever you feel you can get a better curve fit to 
total cost rather than to the capital and and M subtotals, you should 
do it and then re-apportion the curves between capital and and M. You 
could even tell the program the total cost is all capital or all and M, 
but then it would be harder to make up new data cases that contain varia- 
tions in estimates of just capital or just and M. 

6.2.4 Model structure in a case 

After the information on facility characteristics, the program 
needs to know whether the model includes transport links from sources 
directly to all-year dead-end facilities. This question can be answered 
by saying whether there is any all-year dead-end facility in the model 
which may be permitted to receive sludge directly from a source. The 
option to deny these transport links was made available since it often 
occurs that, due to regulations, landfills are not permitted to receive 
liquid sludge. Rather than make the size limit of the facilities zero, 
or all the unit transport cost infinity, it is more efficient to just take 
the transport links out of the model. 

Next, the program must be told what fraction of the year is 
"winter", i.e., what fraction of the year the summer dead-end facilities 
cannot be used (due to regulations, ground conditions, weather, etc.). 
This must always be more than zero, since, if the summer dead-end facilities 
could be used the whole year, they should be called all-year dead-end 
facilities. The maximum value for this fraction is 1, which is used if 
there are no summer dead-end facilities in the model. 

6.2.5 Transport cost data for a case 

At this point, the program needs to know which of the three 
methods of entering data for transport cost functions is to be used in the 
case to be run. You will recall the discussion of these three options 
from Section 6.2.1. After the choice is made, the transport data are 
entered. First, if haulage formulas are to be used, the two coefficients 
a and b for each formula are entered. Then, for each transport link from 
sources to facilities, one or two numbers are entered. If "Method 1" is 
being used, then just the value of C is entered for each transport link. 
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If "Method 2" is being used, then the value of j, representing the sub- 
script on a and b and thus identifying the haulage formula to be used, 
is entered along with the value of d or trip length. If "Method 3" is 
being used, then just the value of k, identifying the haulage formula 
to be used, is added to the case data. 

After the transport links from all sources to all facilities 
are done, then those from winter intermediate facilities to summer dead- 
end facilities are entered, followed by those from all-year intermediate 
to all-year dead-end facilities. Information must be entered for every 
possible transport link between the two sets of points in each of these 
three groups of data. The only way of ruling out a transport link is 
to make its cost much higher than any of the rest (within the restrictions 
imposed by INF. as discussed previously). The only exception to this is 
when all transport links from sources to all-year dead-end facilities 
have been disallowed; then the information for these links can be left 
blank, even though there are spaces for them in the data. 

6.2.6 Weight factor and running mode 

The next item the program needs to know is the value of the 
weight factor F to be used in the case. You will recall from Chapter 5 
that this is used to bias the optimization of sludge distribution with 
respect to the demand placed on summer dead-end facilities. So if there 
are no summer dead-end facilities, this can be left blank. Usually zero 
is a good value to try for this parameter, and a couple of values either 
side of zero should be tried as well. Of course, these trials can be made 
without making the program run through all possible combinations of 
facilities in its procedure to find the optimal combination. In fact, 
the next information the program requires is just how many combinations 
of facilities are stated in the input data; a blank or zero for this 
tells the program that it is to generate all possible combinations itself, 
rather than just take some combinations from the data. Therefore, this 
information would be left blank if it was desired to have the program 
find the optimal combination among all the possibilities. When a data 
deck is first set up, it is advisable to make a run with just one or two 
combinations of facilities entered in the data, in order to check on whether 
the data deck has been set up correctly. Further short runs should be made 
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to determine the effect of the weight factor. The facility combinations 
used in these preliminary runs can be any of those of particular interest, 
such as combinations that intuitively look as though they would be close 
to the optimal. It is especially useful to see the results for the facility 
combination that contains every potential facility in the model: the 
optimal distribution for this combination would be the global optimum if 
there were no fixed charges in any of the cost functions. 

6,2.7 Output parameters 

The program requires the two numbers ARBOUT and IDUMP. The 
functions of these were discussed in Sections 5.7.4 and 5.7.6, respectively. 
If the preceding information entered, namely the number of facility com- 
binations to be run in a case, is greater than zero (and not blank), then 
ARBOUT should be 1 and IDUMP should be some number, say 1000, that is 
larger than the number of facility combinations. ARBOUT is set at 1 
because, assuming there are just a small number of specified combinations, 
it is probably of interest to see the optimized distribution of every 
one of them before they are screened. IDUMP is set higher than FACSET 
could ever reach so that no data dump occurs: the amount of output 
produced by the dump would cost as much as to redo an abnormally terminated 
short run from the beginning and it is extremely unlikely that abnormal 
terminations would occur due to excessive run time or printout anyway. The 
program prints out the optimized distribution of every ARBOUT th facility 
combination , suspending screening until this printout is finished : about 
one page of printout is used every time this happens. On the other hand, 
the data dump routine produces about 300 cards of output after every 
IDUMP th facility combination; therefore, IDUMP is to be used with much 
discretion. 

When doing a full run, i.e. with evaluation of all possible 
facility combinations, the number of combinations that will be evaluated 
must be estimated so that ARBOUT and IDUMP can be set with some idea of 
how much output they will produce. A fairly close overestimate is obtained 
by raising 2 to the power "total number of potential facilities in the 
model, minus the number of facilities that will be included in every com- 
bination". For example, if this estimate is 5000, then reasonable values 
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for ARBOUT and IDUMP would be 800 and 1800, respectively. One normally 
wants to see five to ten printouts of optimized distribution before 
screening, and two or three dumps of data for continuing a terminated 
run. 

6.2.8 Data to control program efficiency 

Next the program can accept, if you wish, a number to be used 
as an initial value for C* in the case being run. If many runs with 
similar data have been made (including runs that did not make a full 
survey), you can use a number slightly higher than the highest cost of 
any near-optimal combination observed in the results from those runs. 
This would significantly speed up the screening process for the program. 
However, if a good feeling for the cost of near-optimal solutions has 
not been acquired, it is best to play safe, avoid the danger of setting 
the initial C* so low that no combination found by the program can be 
stored, and leave this information in the data blank. In that case the 
program will start with C* = INF. 

If combinations of facilities are to be entered in the data, a 
list of them is the only information left to be entered for the case. 
Otherwise, the program must be informed of any time-saving restrictions 
on the set of all possible combinations which it will evaluate. First, 
any facilities that are to be included in every combination are entered 
in the data. All facilities which have no fixed charges should be In- 
cluded in this, unless they appear in the next restriction. The next 
restriction is a list of all pairs of facilities that must not occur in 
any combination. This was discussed in Chapter 5. Any facility that 
appears in this list should not appear in the above set of facilities 
that are always Co be included, since that would either be a contradiction 
or it would force some facilities to be always excluded . The only in- 
formation left to be entered for the case is the maximum number of facilities 
of each kind that is worth looking at in one combination. These four 
numbers are generally set according to some judgement as to the largest 
most decentralized sludge disposal system that could conceivably be 
competitive with the optimal combination. 
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6.2.9 Summary 

Now we have finished describing the information required for 
each case being run. You will find that, after one case has been set up, 
it is not really much work to set up another case. Usually most of the 
information is the same in each case, even between different runs. The 
most efficient way of setting up the data deck for a new case is to re- 
produce the deck from a similar previous case, using a data processing 
program to modify the numbers that need changing. Without a data process- 
ing program, it is just a little more work to make the desired changes 
by hand. 
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7, 



EXAMPLES 



Two examples are given in this chapter. The first is very 
simple and is intended to illustrate how to assemble a model and formu- 
late the input data for the program. The second example is part of an 
actual study made on the Regional Municipality of Niagara, presented 
here to illustrate the program output and its interpretation, and also 
the types of preliminary runs and different data cases that may be made, 

7.1 Simple Example 

The imaginary Regional Municipality of Cowtown has five sources 
of liquid sludge that currently produce a total of 86.000 cu yd per year. 
A map of the region with pertinent features is shown in Figure 27. The 
amount produced by each source, both currently and as predicted for the 
future, is shown in Table 5. The table also shows suitable abbreviations 
for the source names. At present, the largest source has an on-site (in- 
plant) sludge dewatering facility, and this dewatered sludge is hauled 
to a distant landfill known as Mogul Hill. The other sources dispose 
of sludge by contracting haulers who ultimately spread it on agricultural 
land. As urbanization and source production increase, the agricultural 
land available for land spreading is becoming scarcer and contractors' fees 
are going up. Therefore, the regional pollution control engineer is 
awarded the task of planning a long-range overhaul of the sludge disposal 
system. 

TABLE 5. SIMPLE EXAMPLE SOURCE PRODUCTION (cu yd/year) 



Pollution Control Plant 

Cowtown (CWTN) 
Pigden (PGDN) 
Sheepville (SPVL) 
Sewerpipe (SWPP) 
Fencehole (FNCL) 



1976 



1980 



Total 



86,000 149,000 



1990 



52.000 


85.000 


100,000 


9,000 


22,000 


30,000 


19,000 


29,000 


40,000 


5.000 


11.000 


30,000 


1,000 


2,000 


5,000 



205,000 
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FIGURE 27. IMAGINARY REGION IN SIMPLE EXAMPLE, 
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The first thing to do is decide on a set of potential facilities 
for the model. Suppose you are in charge of this project. You will in- 
clude the existing landfill at Mogul Hill, since it will still be service- 
able for a number of years. However, suppose Mogul Hill is a well-esta- 
blished facility that, due to its accumulated height, can only accept 
solid waste; whereas you would like to look at the possibility of a 
landfill where liquid sludge can be dumped and mixed with refuse or other 
solid waste without creating excessive runoff or structural instability 
in the fill. You find a site suitable for such a new landfill just four 
miles from Mogul Hill, at Soupy Hollow. The land is obtainable at reason- 
able rate and the public could look forward to having someday, not just 
one ski hill in that area, but two (that is, if you actually decide to 
implement the new landfill, which is at this point just a potential 
facility) . 

Next you do some rough calculations to find the cost functions 
for the landfills. There is no capital cost for Mogul Hill since it 
already exists and operates, and even if it is no longer used for sludge 
disposal it cannot be profitably retired since it is still good for refuse 
disposal. The O and M costs for Mogul Hill can be accurately estimated 
using past records. 

The capital costs of Soupy Hollow are estimated on the basis 
that a certain overhead of land and excavation machinery is required no 
matter what the size of the facility is; and then land is required and 
an initial trench must be prepared in proportion to the annual total input 
to the facility assuming a fill depth build-up rate of one yard per year. 
You decide to include a safety margin in the land required so that the 
actual capacity of the facility is always 20% larger than any given total 
input. The percentage of input that is liquid has some effect on the 
capital cost, since the percent solids affects the fill depth build-up 
rate, and also has some effect on the and M cost owing to handling of 
the liquid and mixing solid waste into it. You decide to assume that half 
of the sludge input to the facility would be liquid, and that sufficient 
other solid waste would be readily available for mixing, so that you can 
estimate the fill build-up rate and the man hours required for this handling 
job for any given total sludge input 
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The calculated points and fitted curves for the cost functions 
are shown in Figure 28. 

While looking at the sensitivity of the Soupy Hollow cost func- 
tions to the assumption regarding the proportion of liquid sludge, you 
decide that a total liquid sludge input of over 50,000 cu yd/year would 
be unmanageable, or at least put serious doubt on the validity of the cost 
functions. Therefore, you put a size limit equal to this amount on the 
Soupy Hollow landfill. Recall that a size limit on an all-year dead-end 
facility applies only to input received directly from sources. 

For the Mogul Hill landfill the size limit must effectively be 
zero; but you would not obtain the desired effect by saying zero because 
the program would then assume that you want no limit at all (it does this 
because, with any other kind of facility than all-year dead-end, a facility 
would not be put in the model if it really had a size limit of zero) . You 
can accomplish the desired effect by saying the size limit is just one 
cu yd/year, which is virtually zero compared to any other volumes you 
will be dealing with; it is possible that the solutions would then actually 
send one cu yd/year which of course can be ignored, from some source to 
Mogul Hill. Another way of handling this problem is to make all transport 
fees from any source to Mogul Hill extremely large. The transport cost 
functions will be discussed later. 

Recall that such a problem with size limit would not occur if 
all all-year dead-end facilities were not permitted to receive sludge 
directly from sources, as the program would then just omit all transport 
links between sources and these facilities. 

Now you might consider the Cowtown vacuum filter. The existing 
facility still works and should be included in the model. But its current 
capacity, 40,000 cu yd/year, could possibly be profitably increased if it 
served sources other than Cowtown, or even if it Just served Cowtown 
when the source output increased in the future. Thus, a potential facility 
representing an expanded Cowtown vacuum filter is introduced into the 
model. This is modelled separately from the existing facility, because 
its cost functions are so different from those of the existing facility. 
You include both the existing and the expanded facilities in the model, the 
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FIGURE 28. LANDFILL COST FUNCTIONS FOR SIIIPLE EXAMPLE 
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size limit on the latter twice that on the former. The cost functions 
are as shown in Figure 26 in the preceding chapter. 

Now, having introduced a potentially large dewatering facility 
into the model, suppose you think there is a possibility that a treat- 
ment facility which performs a large volume reduction service - i.e. a 
centralized service for several sludge sources - might be better located 
nearer the landfills and the other sources. You find that the most 
feasible site for such an alternative would be at the location of the 
potential landfill at Soupy Hollow. Since this is a sparsely populated 
area, the facility would incorporate an incinerator as well as a dryer. 
Due to the transport distance from the Cowtown plant, it would not likely 
serve much of the production from that source; but it could serve Pigden, 
Sheepville and Sewerpipe, while the surviving agricultural land spread- 
ing sites are mostly near Cowtown and could probably take care of a lot 
of its production. So you decide to put an all-year intermediate potential 
facility at Soupy Hollow, representing a combination dewatering- incineration 
plant. The cost function for this plant has no particular difficulties, 
although the capital cost is of course very high. Since the facility 
could obviously be economical only for high volumes, the cost function 
curve should be fitted to your calculated points with emphasis on accuracy 
at the higher values of total input. 

There are just four sites where agricultural land spreading 
will be feasible in the next several years: Woodside and Greengarter, 
which are near Cowtown and can serve the village of Fencehole as well; 
Mudfoot, which is close to Sewerpipe; and Sticky Creek, which is a fair 
distance away from anything else. The soil conditions and the area 
available at each of these locations determines the limit on total annual 
input to each potential facility, and they all can be used for about 
seven months of the year. Their cost functions are peculiar in that they 
have no significant fixed charge; and the capital cost is zero since it 
does not appear necessary for the regional government to obtain ownership 
of the land and no special spreading equipment is being considered. 
Adjacent to the land spreading site at Mudfoot there is a 
lagoon, badly in need of maintenance, used at the present as a winter 
holding tank by a sludge contractor who would probably be willing to sell 
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all rights and responsibilities for it to you. Accordingly, you put the 
Mudfoot lagoon into the model. But its size limit is just equal to its 
present capacity since it is not feasible to expand the facility. In 
order to take good advantage of all four land spreading sites it would be 
necessary to have a new lagoon in an area where it could potentially have 
a very large size. There are just two feasible locations for such a new 
facility: Port Crystal and Bean Flats, both, unfortunately, on the 
opposite side of the region from the land spreading sites. Port Crystal 
has the advantage of being on a large river which could assimilate a 
supernatant stream out of a lagoon, so that as an intermediate facility 
it would have a larger volume reduction factor than at Bean Flats. On 
the other hand at Bean Flats, the advantage is the height of the plateau 
where it is situated, assuring no problems with groundwater or ventilation. 
So you put two winter intermediate potential facilities into the model, 
one at Port Crystal and one at Bean Flats. If the computer finds that it 
does not make much difference in dollars which one is used, and their use 
does lead to optimal or near-optimal solutions, you will choose Bean Flats 
over Port Crystal on environmental grounds . 

The cost functions of the lagoons are not complicated, the main 
cost being capital for the land and initial excavation. Equipment for 
dredging the lagoons must also be included. For the Mudfoot lagoon, the 
capital cost has a high fixed charge and no variable cost, since for any 
total input over zero up to the present capacity the same thing would have 
to be bought. 

Your model now contains twelve potential facilities classified 
by type as shown in Table 6. Suitable abbreviations are shown which we 
shall assume that you have chosen. It is a good idea now to collect the 
facility information together as shown in Table 7. 

Your next job is to obtain and formulate cost information for 
sludge transport. This could be a very tedious job if it is not done 
systematically. There are 5 x 12 = 60 transport links from sources to 
facilities, 3 x 4 = 12 links from winter intermediate to all-year dead-end 
facilities, and 3x2=6 links from all-year intermediate to all-year 
dead-end facilities. All of these 60 + 12 + 6 = 78 transport links, 
illustrated in Figure 29 (which you would not usually need to draw), must 
have cost functions assigned to them. 
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TABLE 6, POTENTIAL FACILITIES IN SDtPLE EXAI^LE 



Abbreviacton Facility 

__„ Bean Flats Holding Lagoon 
Of HL 

CVFl Cowtown Vacuum Filter (existing) 

CVF2 Cowtown Vacuum Filter (expanded) 

GGLS Greengarter Lands preading Site 

tflLF Mogul Hill Landfill 

JffHL Mudfoot Holding Lagoon 

MFLS Mudfoot Landspreading Site 

PCHL Port Crystal Holding Lagoon 

SHDI Soupy Hollow Drier-Incinerator 

SHLF Soupy Hollow Landfill 

SOLS Sticky Creek Landspreading Site 

WSLS Woodside Landspreading Site 



Cate gory 

winter intermed Late 
all-year intermediate 
all-year intermed iate 
summer dead-end 
all-year-dead-end 
winter intermed iate 
summer dead-end 
winter intermediate 
all-year intermediate 
all-year dead-end 
suQxner dead-end 
summer dead-end 



TABLE 7, FACILITY INFORMATION IN SIMPLE EXAMPLE 









VOLUME 


CAPITAL 


COST 




& 


M COST 


FACILITY 


TYPE* 


SIZE LIMIT 


REDUCTION 


FIXED 


VARUBLE 


FIXED 


VARIABLE 




DS 




FACTOR 


CHARGE 



COST 
0.0 


CHARGE 



COST 


1. GOLS 


ZO.OOCr''* 


0,1 


2. WSLS 


DS 


20,000 


- 





0.0 







0.1 


3. SOLS 


DS 


50,000 


- 





0.0 







0.1 


4. MFLS 


DS 


30,000 


- 





0.0 







0.1 


5. CVfl 


lA 


40,000 


0.25 


3.000 


0.0 


20 


,000 


1.3 


6, CV?2 


lA 


80,000 


0.25 


20,000 


1.5 


30 


,000 


1.0 


7. SHEl 


lA 


100,000 


0.15 


85,000 


1.1 


60 


,000 


0.6 


8. SHLF 


DA 


50,000 


- 


1,000 


0.3 







0.2 


9. MHLF 


DA 


1 


- 





0.0 







0.1 


10. MFHL 


IW 


40,000 


0.9 


50,000 


0.0 




300 


0.2 


11. PCHL 


IW 





0.8 


1,000 


1.3 







0.2 


12. BFHL 


IW 





0.7 


1,000 


1.3 







0.2 



lA " all-year Intermediate 
IW ■= winter intermediate 
DA = all-year dead-end 
DS " sumoer dead-end 



** cu yd /yr. 
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f J Source 

{ y Dead-end summer facility 

/^ Intermediate all-year facility 

\J Dead-end all-year facility 

Intermediate winter facility 



FlGUi^E 29. SCHEM.MIC ILLUSTRATION OF SOURCES A>T) POTEimAL FACILITIES, 
SHOWING ALL TRANSPORT LINKS 
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The best way to start is to set up tables, such as those in 
Table 8, for each type of transport link. Each element in the tables 
represents one link. The tables you work with should be spacious enough 
to contain small notes and scratch pad calculations. The tables have the 
same arrangement of numbers as that required by the answer tables in the 
questionnaire in Appendix IV, 

Each element in Table 8 contains two numbers: a haulage formula 
indicator and, below this, a trip length. We shall now discuss a process 
by which you might obtain these numbers shown in this example. 

First, you have to decide whether you want to use the straight- 
forward approach of estimating the transport cost per cubic yard for each 
transport link without telling the program about any haulage formulas. 
This would be advantageous if you had a large quantity of data that would 
make it quite easy to obtain this cost function slope for every transport 
link. But if your estimates are going to contain much uncertainty, you 
may want to use haulage formulas anyway to keep your estimates consistent 
and your calculations systematic; in that case, you may as well give the 
haulage formulas to the program and let it do the calculations, thus 
saving you a lot of work. Moreover, if your estimates are uncertain 
you will probably want to run the program with variations in the estimates: 
then it is much easier to change a few haulage formulas than to recalculate 
a large number of transport link cost functions. 

Suppose, for the sake of example, that good information on 
recent haulage costs is available only in the form of total cost and 
quantity of each contract let to two different contractors in the region. 
One contractor always takes care of haulage from Cowtown and Fencehole, 
while the other takes care of haulage from Pigden, Sheepville and Sewer- 
pipe; this second contractor also has cornered all haulage concerned with 
the Mudfoot lagooning and land spreading facilities. There is no reason 
to think this situation will change in the near future, so transport cost 
functions should represent the prices charged by these contractors. 

Suppose further that the Cowtown/Fencehole contractor is able 
and willing to give you detailed information on some of his operations 
that you can use as a basis for your cost functions. From this information 
you can estimate a breakdown of cost and quantity of past contracts 
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TABLE 8, 



FORMULATION OF TRANSPORT COST INFORMATION 



From Sources 



i 



9 

m 



To Summer 
Dead -end 
Facilities 



To All-year 

Dead-end 

Facilities 



Haulage Formulas; 

(1) 1.30 + 0.04d 

(2) 20.6 + O.OOd 

(3) 0.00 + l.OOd 

(4) 1.00 + 0.06d 



1 


2 


3 


4 


5 


1 

40 
1 

30 
I 

60 
5 

80 
3 

0.01 
3 

0.01 
6 

55 
6 

55 
2 


6 

40 
6 

45 
7 

80 


5 

60 
5 

50 

60 
50 
60 
60 
30 
30 

50 
35 
50 


5 

50 
5 

30 
5 

35 
5 

50 
7 

40 
7 

40 
7 

50 
7 

50 
2 


7 

50 
7 

45 
7 

50 


5 

55 
5 

45 
5 

40 
5 

20 
7 

60 
7 

60 
7 

30 
7 

30 
2 


7 

55 
7 

50 
7 

20 


1 

25 
1 

30 
1 

30 
2 


6 

45 
6 

45 
2 


2 


2 


6 

35 
6 

50 
2 






From Winter Ititerraedtate Facilities 
10 11 12 




1 
2 
3 
4 


30 
40 
50 
80 


1 

50 
1 

45 
1 

55 
5 

65 


2 


5 

45 
5 

30 
3 
0.01 




Fro 


m All-year Intermediate Facilities 








6 


7 




8 
9 


55 
50 


4 

55 
4 

50 


3 

0.02 
4 

15 





(5) 1.56 + 0.048d 

(6) 1.17 + 0.04d 

(7) 1.40 + 0.048d 
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yielding a separate cost per cubic yard for haulage to Greengarter, 
Woodside and Sticky Creek, respectively, from Cow t own . These are the 
slopes (unit costs) for the cost functions for these three transport links. 
If all the links were this easy you might not want to worry about haulage 
formulas; however, there are 75 links to go which have no quantitative 
information. 

As explained in the preceding chapter, a haulage formula gives 
the slope of a transport link cost function as "a + bd", where "a" and 
"b" are characteristic of the haulage formula and "d" is characteristic 
of the transport link. Usually, one haulage formula can be used for 
several transport links. Different haulage formulas would be expected 
to apply to different haulage contractors and to different types of 
transport links. The coefficient "a" represents overhead as well as 
labour for loading and unloading. The coefficient "b" represents the 
contribution to unit cost per unit of the transport link characteristic 
"d", which represents the trip length for the transport link. 

You would expect the three links from Cowtown to Greengarter, 
Woodside and Sticky Creek, respectively, to have the same haulage formula. 
As well as a breakdown of cost and quantity among these links, an estimate 
of the travelling distance or time required on each link for one haul can 
be obtained. This gives you a trip length or value of "d" which is 
characteristic for each link*. Suppose your numbers are as shown in Table 
9. Now, plotting cost per cubic yard versus trip length and fitting a 
straight line to the three points, you find that the unit cost can be 
estimated fairly well by the haulage formula 1.30 + 0.04d. This gives 
unit costs of 2.90, 2.50 and 3.70, comparing well with the observed numbers 
3.00, 2.50, and 3.40. A perfect fit need not be obtained since the observed 
numbers are really only characteristic estimates. You might also wish to 
give observed points involving larger quantities greater weight in the 
line fitting since the price on their contracts is probably more con- 



* You could also use travelling time or distance required for five hauls, 
or for transporting 1000 cu yd between the two points, or any other 
standard measure you wish to set. 
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sistent and possibly the Information on quantity, cost and trip length 
Is more accurate. 



TABLE 9. EXAMPLE OF DATA ESTIMATED FROM PAST CONTRACTS IN 
ORDER TO OBTAIN A HAULAGE FORMULA 



From Source 
Number 1 
to Facility 


Quantity 
7000 


($) 
Cost 

21.000 


Unit Cost 
($/cu yd) 

3.00 


Trip Length "d" 
(Minutes) 


i 






40 


t 




8000 


20 » 000 


2.50 




30 


3 




5000 


17,000 


3.40 




60 



Now you have haulage formula number 1 with a = 1.30 and b = 0.04. 
You could assume this applies to the links from the Bean Flats and Port 
Crystal lagoons, as well as from Cowtown and Fencehole, to the land 
spreading sites at Greengarter, Woodside and Sticky Creek. This yields 
all the entries of the number "1" in Table 8. 

The accompanying trip lengths for these links are estimated 
from a road map wherever they are not available from the haulage contractors 
If the region had a dense road system and traffic conditions were uniform, 
you could avoid the work of entering all the trip lengths by giving the 
program (x,y) coordinates of all the sources and facilities, instructing 
the program to estimate trip lengths by calculating the straight-line 
distance and multiplying by a correction factor that you provide. However, 
this approach is not used in this example. 

Next, you might consider a special haulage formula that would 
give certain links a prohibitively high unit cost, for instance with 
a = 20 and b = 0. This formula-, number 2, is used for all links directly 
from sources to the Mogul Hill landfill, as you have decided previously 
that these transport links should be removed from the model. This formula 
yields a unit cost that appears prohibitive but is not an order of magni- 
tude larger than unit costs on other links. It Is not made larger than 
necessary because the program will scale the numbers for computation on 
the basis of the largest number in each type of data. 
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Haulage formula number 2 is also useful for ruling out links 
that are clearly impractical for reasons of very long trip length combined 
with small quantities, or political reasons. Thus, you decide to use 
formula 2 for the links from Fencehole to Soupy Hollow and Mudf oot , and 
from Mudfoot to Woodside. This yields all the remaining entries of the 
number "2" in Table 8. For any link using formula 2, the trip length 
can be entered as any arbitrary number (eg. zero) since b = 0. 

Another special haulage formula you wish to use has a = 
and b = 1. This allows you to enter unit costs directly, disguised as 
trip length. In this example, the only place you want to do this is on 
links where the actual trip length is insignificant so that real haulage 
formulas would not make any sense*, namely on the links from Cowtown 
source to Cowtown vacuum filters (existing and expanded) , from Mudfoot 
lagoon to Mudfoot land spreading site and from Soupy Hollow dryer- 
incinerator to Soupy Hollow landfill. The ijiethod of transport is 
probably pipeline for all of these links except the last , which is 
probably a conveyor. In any case, you would guess that the unit cost on 
these links is very small and need not be accurately estimated. This yields 
the entries of the haulage formula indicators "3" and the accompanying 
fractional "trip lengths" in Table 8. 

For haulage of ash from the dryer- incinerator to Mogul Hill, 
and of dewatered sludge from the Cowtown vacuum filters, a fourth haulage 
formula is needed that is valid for hauling of solid materials in open 
trucks. This is estimated from recent experience with the existing Cowtown 
vacuum filter as a formula with a = 1 and b = 0.06. Compared to formula 
1, the overhead part is lower due to the more inexpensive type of truck, 
but the trip length dependent part is higher due to the higher density of 
the material. 

Consider now the contractor who will haul from Cowtown to the 
Mudfoot land spreading site and from Pigden, Sheepville and Sewerpipe to 
Mudfoot and all other land spreading sites. You may not have much precise 
information to work with, but from past experience you may know that the 



* In general, you might want to do this on any link where the use of a 
real haulage formula would have no advantage. 
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overall unit cost is larger than with the other contractor, possibly 
because of smaller sized trucks. So you simply use a formula with "a" 
and "b" about 20% larger than in formula 1. This formula, number 5, 
is probably also valid for the transport links between the Mudfoot facili- 
ties and the lagoons at Bean Flats and Port Crystal. 

For transport links from the sources to all facilities other 
than land spreading sites, the same haulage formulas would probably 
^Pply. but with reduced values of "a" due to smaller unloading cost. 
Thus, you have formulas 6 and 7, which are the same as 1 and 5 with 10% 
smaller values of "a". 

Now you are finished with the transport links. You have seven 
haulage formulas and Table 8 is complete. You will feel that the trans- 
port cost estimates are very rough, but this is typically the best you 
can do. You will study the effect of the uncertainty of the estimates 
by running the program two or three times with variations in the haulage 
formulas - for example with formula 5 made larger or smaller relative to 
formula 1, or with all formulas except 2 and 3 increased 30% to see the 
effect of an overall increase in haulage costs relative to facility costs. 
When you see the optimal solutions obtained by the program, you can add 
up the transport link hauls assigned to each contractor and see if the 
total costs predicted are reasonably close to the prices the contractors 
would probably charge. 

Having finished assembling the model, you can look at the 
additional details required to make a computer run. 

First, MAXSOL, the total number of solutions you are interested 
in, including near-optimal solutions as well as the optimal solutions, 
is probably quite high, say 15. In addition, you specify EPS, the range 
of annual total system costs you are interested in, say $50,000. If the 
solutions in this range over the optimal solution are not all included 
in the 15 you ask for, the program will tell you. 

Next, you decide the fraction of the year during which the 
summer dead-end facilities cannot be used as 5/12 = 0.A17. As an initial 
trial you set the weight factor, for biasing the winter optimization, at 
zero (i.e. no bias). 
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Intending to make a complete run, allowing the program to 
consider all possible facility combinations, you remark that the number 
of combinations evaluated will be roughly 2 = 128 since there 
are 12 facilities of which 5 have zero fixed charge*. You specify that 
these facilities with zero fixed charge are to be included in every 
combination evaluated. The two Cowtown vacuum filters (existing and 
expanded) certainly could not both be used simultaneously; so you specify 
that this pair (facilities 5 and 6) should not occur in any combination 
evaluated. This will make the number of combinations evaluated significantly 
smaller than 128. 

You would like to see printouts of several solutions during the 
optimization process to see what the program is doing; so you specify 
that such printouts should be made for every 10th facility combination 
evaluated. So ARBOUT is 10. Since the program will run in a very short 
time, you do not expect to need any data dumps; so you specify that a 
data dump should occur only after every 1000th facility combination 
evaluated. So IDUMP is 1000. 

Since you have no idea what typical total costs of the optimal 
or near-optimal solutions will be, you will just leave this Item blank 
when you answer the questionnaire to set up the data deck for the run. 

This is all that is required to make a run. 

7.2 Niagara Study 
7.2.1 Problem descrip t ion 

Sludge disposal in the Regional Municipality of Niagara is 
described in general terms in Chapter 2. Here we shall summarize the 
points that are important for our model. 

A simplified map of the region, with pertinent features, is 
shown in Figure 30. Vacuum filter facilities exist at Port Dalhousie, 
Niagara Falls and Welland, although they are not used at the present time. 
The two largest sludge sources are Port Weller and Port Dalhousie, which 
are very close together. Their combined production is expected to triple 



* This is an atypically small nximber of combinations for evaluation; in 
reality, it is usually much larger, as seen later in the discussion of 
the Niagara study. 
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FIGURE 30. MAP OF REGION FOR THE NIAGARA STUHY 



in the next ten years. The next largest source is Niagara Falls, which 
is expected to quadruple in the next ten years, as are the smaller 
sources at Fort Erie and Port Colborne. Grimsby-Lincoln is a name represen- 
ting three very small plants which are soon to be replaced by one modern 
plant. The production from this source, like that from Welland, is 
expected to grow by a factor of ten in the next ten years. The predictions 
furnished by the Regional Municipality are shown in Table 10. 

The present sludge disposal system consists primarily of land 
application with some dewatering operations using drying lagoons and 
windrowing. It is possible in the future to have any of three alternative 
treatment components: holding tank, land spreading, or drying lagoon 
facilities, at any of eight locations: Netherby, Point Abino, Cyanamid, 
Rosedene, Wainfleet and Caistorville , and almost on-site at the Fort 
Erie and Port Colborne sources. The land spreading sites qould only 
be used during one-half of the year. 

TABLE 10. SLUDGE PRODUCTION AT SOURCES (THOUSANDS OF GALLONS) 



Source 

1., Grimsby-Lincoln 

„ fPort Weller 

[Port Dalhousie 

3. Niagara Falls 

4. Fort Erie 

5. Port Colborne 

6. Welland 



1974 



1980 



1990 



332 


5400 


6900 


5817 
2597 


19770 


24525 


2448 


11400 


14250 


184 


4155 


4995 


894 


3210 


4425 


800 


7965 


9720 



Totals 



13072 



51900 



64815 



These 24 alternatives, plus the three existing vacuum filters, are the 
potential facilities for use in a future sludge disposal system. It 
is desired initially to consider all possible transport links between 
the facility types as shown in Figure 31. The dewatering facilities 
(drying lagoons and vacuum filters) are assumed to have storage capacity 
for retaining sludge dewatered in "winter", until "summer" when it can 
be applied to the land. For purposes of the study it was decided that 
the current practice of windrowing dewatered sludge and storing it for 
private citizens to pick up could not be counted on to handle the whole 
output that the dewatering facilities might produce in the future; so 
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this method of ultimate disposal was ignored. Some of the source output 
sent to these dewatering facilities in the "winter", along with the source 
output sent to holding tanks, can be diverted to the land spreading sites 
in "summer", thus allowing the option of sending some holding tank inven- 
tory (accumulated in "winter") through the dewatering facilities in 
"summer". 

7.2.2 The model 

The desire to consider seinding sludge from holding tanks to 
dewatering facilities and from dewatering facilities to land spreading 
sites complicates the problem of formulating a model. In this manual, 
just one of the models used in the Niagara study is presented. 

First of all, the possibility of transport from holding tanks 
to dewatering (vacuum f l^t§r~ and drying lagoon) facilities was ruled 
out so as to avoid any 3-liHk, paths "from source to holding tank to 
dewatering facility to land spreading". It seems highly unlikely that 
any such paths would be included in an optimal or near-optimal solution. 
This is because any sludge sent on such a path could probably be handled 
more cheaply by sending it directly from the source to the dewatering 
facility. Furthermore, it is impossible to explicitly model 3-link 
paths for the ALL02 computer program. 

If a dewatering facility is not used at the same rate in both 
winter and summer, it must be oversized. This cannot be an economically 
justified use, so the most practical situation is for the distribution 
between the sources and the dewatering facility to be constant all year. 
Then the dewatering facilities are all-year facilities in terms of the 
model required by the program, while the holding tanks and land spreading 
sites can be called winter intermediate and summer dead-end facilities, 
respectively. 

The question then is what to do with the transport possibilities 
considered between the dewatering facilities and the land spreading sites. 
The program ALL02 does not accept transport links from all-year to summer 
facilities. This difficulty was handled by increasing the & M variable 
cost of each dewatering facility by an assumed cost of ultimate disposal,; 
and modelling the facility as an all-year dead-end facility. For each 
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ALL YEAR; 
POSSIBLY MORE 
IN WINTER THAN 
IN SUMMER 



WINTER ONLY 



SUMMER ONLY 




FIGURE 31. TYPES OF TRANSPORT IT IS INITIALLY DESIRED TO CONSIDER 



drying lagoons^V /ultimate disposal to land spreading 
vacuum filters j | sites assumed in cost functions 



ALL YEAR; 

CONSTANT 



WINTER ONLY 



SUMMER ONLY 




FIGURE 32. MODIFICATION OF FIGURE 31 TO OBTAIN A MODEL FOR ALL02 
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of these facilities, the assumed cost of ultimate disposal was obtained 
as its volume reduction factor times the lowest value of (B + C) observed 
on any link from the facility to a land spreading site*. This, in effect, 
assigned a particular land spreading site to each dewatering facility 
in a way that ignored each site's limit on total input. It was expected 
that this would not invalidate any optimal or near-optimal solutions and 
it was found that the solutions were satisfactory in this respect. 

The form of the model is pictured schematically in Figure 32. 
It has the same shape as the general model accepted by the program except 
that there are no all-year intermediate facilities. 

The information on the potential facilities is listed in Table 
11. The size limits on the vacuum filters were equal to their current 
capacity. The variable & M cost of the all-year dead-end facilities, 
including the cost of ultimate disposal determined, is shown in Table 12. 
In Table 12 some of the abbreviations used for facility names are shown. 
Part (a) of Table 12 shows the values of C calculated to find the cheapest 
ultimate disposal destination for each of the facilities, while part (b) 
shows the calculation with the chosen destination. It can be seen that 
these calculations were not difficult since they involved much repetition. 
Even part (a) is not as bad as it looks. The same haulage formula, "0.004 + 
0.006 times trip length in hours" was used for all links except the eight 
links which join facilities at the same location. In the latter case, 
the formula "0.000072 times trip length in miles" was used. Furthermore, 
the first eight rows in part (a) form a matrix which is symmetric about 
the diagonal since the trip length (one haul, return trip) between two 
points was assumed to be independent of direction: thus, only half of 
this matrix had to be calculated, then the other half was known. 

The haulage formula with a=0.004 and b=0.006 was obtained as 
follows. A 5000-gallon truck was assumed rented at a cost of $30/hour, 
including driver wages. Loading and unloading time was assumed to be 
two-thirds of an hour. The cost per gallon transported was then; 



* As explained in Chapter 5, (B + C) is the unit variable cost of distribu- 
tion: C is the slope of the transport link cost function and B is the 
variable cost (capital plus & M) of the facility at the end of the link. 
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TABLE 11. FACILITY INFORMATION IN NIAGARA CASE STUDY 






FACILITY 

1. Fort Erie Land spread 

2. Nctherby Land spread 

3. Port Colborne Land spread 

4. Point Abino Land spread 

5 . Cyanamid Land spread 

6. Rosedene Land spread 

7. Wainfleet Land spread 

8. Caistorville Land spread 

9. Fort Erie Drying Lagoon 

10. Nethcrby Drying Lagoon 

11. Port Colborne Drying Lagoon 

12. Point Abino Drying Lagoon 

13. Cyanamid Drying Lagoon 

14. Rosedene Drying Lagoon 

15. Wainfleet Drying Lagoon 

16. Caistorville Drying Lagoon 

17. Pt. Dalhousie Vacuum Filter 

18. Niagara Falls Vacuum Filter 

19. Welland Vacuum Filter 

20. Fort Erie Holding Tank 

21. Netherby Holding Tank 

22. Pt. Colborne Holding Tank 

23. Pt. Abino Holding Tank 

24. Cyanamid Holding Tank 

25. Rosedene Holding Tank 

26. Wainfleet Holding Tank 

27. Caistorville Holding Tank 









CAPITAL COST 






VOLUME 








SIZE 


REDUCTION 


FIXED 


VARIABLE 


■YPE 


LIMIT* 


FACTOR 


CHARGE 


cost"^ 


OS 


1500 


- 





0.0 


m 


20000 


- 





0.0035 


DS 


2L50 


- 





0.0 


DS 


20000 


- 





0.0035 


1^ 


20D00 


- 





0.0035 


m 


20000 


- 





0.0035 


DS 


20000 


- 





0.0035 


DS 


20000 


- 





0,0035 


DA 


2580 


- 





0.0052222 


DA 


9000 


- 





0.013 


DA 


3580 


- 





0.0052222 


DA 


9000 


- 





0.013 


DA 


9000 


- 





0.013 


DA 


9000 


- 





0.013 


DA 


9000 


- 





0.013 


DA 


9000 


- 





0.013 


DA 


5900 


- 


3000 


0.0 


DA 


2450 


- 


3000 


0.0 


m 


1800 


- 


3000 


0.0 


•0 


27000 


1,0 


3000 


0.0013991 


IW 


27000 


1.0 


3000 


0.0023045 


IW 


27000 


1,0 


3000 


0.0013991 


IW 


27000 


1.0 


3000 


0.0023045 


IW 


27000 


1.0 


3000 


0.0023045 


w 


27000 


l.O 


3000 


0.0023045 


IW 


27000 


1.0 


3000 


0.0023045 


IM 


27000 


1.0 


3000 


0.0023045 



f. M 


COST 


FIXED 


VARIABLE 


CHARGE 


COST 





0.0 


a 


0.0015 


o:, 


0.0 


Q 


0.0015 


1 


0.0015 


© 


0.0015 


1 


0.0015 


& 


0.0015 


k 


0.00000468 


a 


0.00230468 


i 


0.00000468 


& 


0.00280468 





0.00280468 


t 


0.00280468 





0.00280468 





0.00280468 


35000 


0.010322 


35000 


0.0177288 


35000 


0.0261448 


200 


0,0000074 


200 


0.0000074 


200 


0.0000074 


200 


0.0000074 


200 


0.0000074 


200 


0.0000074 


200 


0.0000074 


200 


0.0000074 



* thojsands of gallons 
** dollars pav gallon 



TIT""" 



n 
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TABLE 12. DETERMINATION OF ULTIMATE DISPOSAL COST FOR ALL-YEAR DEAD-END FACILITIES 



00 



FROM 

9. FEDL 

10. KEDL 

11. fCDL 

12. PADL 

13. CYDL 

14. RSDL 

15. Vl'DL 

16. CSDL 

17. Pin-F 

18. M"VF 

19. WD\T 



TO 



1 


2 


3 


4 


5 


6 


7 


8 


FELS 


NELS 


PCLS 


PALS 


CYLS 


RSLS 


WFLS 


CSLS 


000018 


.0084 


.012 


.0088 


.0112 


.0145 


.0132 


.0187 


0084 


.000018 


.0112 


.0082 


.0088 


.014 


.0132 


.0204 


012 


.0112 


,000018 


.0096 


, .0.106 


.0116 


.0072 


.0164 


0088 


.0082 


.0096 


.000018 1 


„01 ., , 


.0156 


.0148 


.0194 


0112 


.0088 


.0106 


.01 1 


.000018 ' 


.0124 . 


.0123 


.016 


0145 


.014 


.0116 


.0156 


.0124 ,. ^- . 


.000018 


.0096 


.0116 


0132 


.0132 


.0072 


.0148 


.0128 «- ^ 


.0096 


.000018 


.0136 


0IS7 


.0204 


.0164 


.0194 


.016 '" ^.V 


.Ofl6 


.0136 


.00001 


0124 


.0128 


.0144 


.0156 


.0128 ■ ^ 


.0128 


.0144 


.0196 


0094 


.0112 


.0140 


.016 


.0088 


.0128 


.0144 


.0196 


0120 


.008 


.007 


.0112 


.0072 


.0108 


.0096 


.0176 



(a) Transport Link Unit Costs ($/Gal.) 



FACILITY 


VOLUME 


ULTimTE 






REDt'CTION 


DISPOSAL 






FACTOR 
0.2 6 


IJoSTINATION 


9. 


FF.DL 


1. FELS 


10. 


NEDL 


0.26 


2. NI;LS 


11. 


PCDL 


0.26 


3. PCLS 


12. 


PADL 


0.26 


4. PALS 


13. 


CYDL 


0.26 


5. CYLS 


14. 


Rt=:jL 


O.lb 


6. RSLS 


15. 


WFDL 


0.26 


7. V-TLS 


16. 


CSDL 


0.26 


8. CSLS 


17. 


PDVT 


0.19 


1. FELS 


18. 


:.TVF 


0.19 


5. CYLS 


19. 


WDVF 


0.19 


3. PCLS 



0.0 

0.0035 

0.0 

0.0035 

0.0035 

0.0035 

0.0035 

0.0035 

0.0 

0.0035 

0.0 



0.0 

0.0015 

0.0 

0.0015 

0.0015 

0.0015 

0.0015 

O.O015 

0.0 

0.0015 

0.0 



0.000018 

0.000018 

0.000018 

0,000013 

0.000U18 

0.000018 

0.000018 

0.000018 

0.0124 

0.0088 

0.007 



b-k: 



0.000018 

0.005018 

0.000018 

0.005018 

0.005018 

0.005018 

0.005018 

0.005018 

0.0124 

0.0133 

0.007 



INCIUI/XSE IN 
& M VARIABLE 
COST CS/Cal.) 

0.00000468 

0.00130468 

0,00000468 

O.O0L30468 

0,00130468 

0.00130468 

0.00130468 

0.00130468 

0.00235 6 

0.002622 

0.00133 



(b) Calcalatlon of Increase in 6< M Variable Cost due to Ultimate Disposal 



C = ($30/hr) X (2/3 hr + trip length in hours) / 5000 gal 

$30 X 2 , $30 . - 1 
= 3 X 5000 gal ^ 5000 gal "" "'^"P ^^"^'^^ 

= $0.004/gal + $0,006 gal x trip length 

This is haulage formula number one. It applies to all transport 
links in the model which join points at different locations except for the 
link, from the Welland source to the Netherby drying lagoon. For this 
link, a formula with a=0 and b=l is used so that C can be entered directly. 
This is formula number three, after number two. Haulage formula number 
two has a=0 and b=0. 000072 and is used for links between facilities which 
are virtually at the same location*. This formula's small value of "b" 
arises from rough estimates of the cost of power for a pump or conveyor 
whose other costs are assimilated into the cost of the facility** . 
The three links from sources to on-site vacuum filters do not have the same 
relationship, so they use formula number three which permits C to enter 
directly. 

Table 13 shows the haulage formula indicator and trip length 
for every transport link from the sources to the facilities, while Table 
14 shows this information for the links from holding tanks to land 
spreading sites. Since Port Weller and Port Dalhousie are so close 
together, they are combined and treated as one source. In these tables, 
all the abbreviations used for names of facilities and sources are shown. 

For links with haulage formula number one, the trip lengths 
are shown in these tables In the form "hours :minutes", that is, before 
conversion of the minutes portion to a decimal fraction of an hour as the 
haulage foinnula requires***. It will be noted that almost every trip 
length is an even number of minutes, resulting from the estimation of 



* "Virtually" is used because, in reality, for instance, a holding 

tank may be several hundred yards away from a spreading field that is 
considered to be at the same location. 

** Actually, it would have been better to include capital and maintenance 
costs in the coefficient "b" since they increase with the distance; 
but the distance was assumed the same whenever this formula was used 
anway . 

*** It actually would have been easier in this case to use a haulage 

formula that requires trip lengths in minutes rather than hours, since it 
is easier to convert the hours to minutes than the minutes to hours. 



xm 



TABLE 13. HAULAGE FORMULA INDICATORS AND TRIP LENGTHS FOR 
TRANSPORT LINKS FROM SOURCES TO FACILITIES 



From Source 



To 

Facility 



1 

FELS 

2 

KELS 

3 

PCLS 

4 

PALS 

5 

CYtS 

6 

RSLS 

7 

WLS 

8 

CSLS 

9 

FEDL 

10 

KEDL 

II 

?CI1L 

12 

PADL 

13 

CYDL 

U 

RSDL 

15 

WFDL 

16 

CSDL 

17 

PDVF 

18 

NFVF 

19 

VD'.T 

20 

FFKT 

21 

NEIIT 

22 

PCHT 

23 

PAHT 

24 

CYIiT 

25 

kSHT 

26 

KVVT 

27 

CSHT 



1 3 

GI-ILN i 


•won t 


4 
•TLS FERl 


6 
'CBN UXND 


1 
2:06 




24 


0:54 


0U6 


1:20 


1:20 


1 

l:'i5 




30 


1:12 


0:52 


0:36 


0:40 


1 

1:57 

1 




46 


1:40 


l;4i 


0:24 


0:30 


1 

2:06 
1 




58 


2:00 


1:24 


0:;o 


I: 12 


1 

1:42 




26 


0:48 


1:28 


1:12 


0:32 


1 

0:48 

1 




30 


1:28 


1:57 


1:32 


1:05 


1 

2:00 

1 




48 


1:44 


1:56 


0:32 


0:56 


I 

1:28 




38 


2:36 


2:48 


2:40 


2:16 


1 

2:06 




24 


0:54 


0:16 


1:20 


1:20 


1:45 

1 




30 


1:12 


0:52 


0:56 


0.0008 


1 

1:57 

1 




46 


1:40 


1:44 


0:24 


0:30 


1 

2:06 

1 




5£ 


2:00 


1:24 


0:iO 


1:12 


1 

1:42 

1 




26 


0:48 


1:28 


1:12 


0:32 


1 

0:48 

1 




30 


1.28 


1:57 


1:32 


1:08 


2:00 
1 




48 


1:44 


1:56 


0:32 


0:56 


1 

1:28 




38 


2:36 


2:48 


2:40 


2:16 


1:08 

1 




003 


1:00 


1:42 


1:36 


1:16 


I 

1:52 




04 


0.0 


1:15 


1:36 


1:04 


1:39 




20 


1:04 


1:23 


0:36 


0.0 


2:06 




24 


0:54 


0:16 


1:20 


1:20 


1:45 




30 


1:12 


0:52 


0:56 


0:40 


1:57 




46 


1:40 


1:44 


0:24 


0:30 


2:06 




58 


2:00 


1:24 


0:40 


1:12 


1:42 




26 


0:4<i 


1:28 


1:12 


0:32 


0:48 




30 


1:28 


1:57 


1:32 


1:0S 


2:00 




48 


1:44 


L 

1:56 


0:32 


0:56 


1:2? 


2 


38 


2:36 


2:48 


2:40 


2: 15 



liOTE: Foi llnV'i with huula^e formil.T im!;itn.l Otvt;, trip lcni,ths arc shewn 
lu the Icrtn "hi^uis :[ninu t cs". 
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TABLE 14. HAULAGE FORMULA INDICATORS AND TRIP LENGTHS FOR 

TRANSPORT LINKS FROM HOLDING TANKS TO LAND SPREADS 

FrcFin Facility 



20 

FEHT 



To 

a 
c 
i 
1 
1 
t 

y 



1 

FELS 

2 

NELS 

3 

PCLS 

4 

PALS 

5 

CYLS 

6 

RSLS 

7 

WFLS 

8 

CSLS 



21 
NEHT 



22 
PCHT 



^3 

PAHT 



24 

CYHT 



2 


1 


1 




1 




1 


0.25 


0:44 




1:20 




0:48 


1:12 




2 


1 




1 




I 


0:44 


0.25 


2 


1:12 


1 


0:42 


0:48 
1 


1:20 


1:12 


1 


0.25 


2 


0:56 


1:06 
1 


0:48 


0:42 


1 


0:56 


' 1 


0.25 


1:00 
2 


1:12 


0:48 


1 


1:06 


1 


1:00: 


0.25 
1 


1:45 


1:40 


1 


1:16 


I 


1:56 


■« 1:24 
=^". 1 


1:32 


1:32 


I 


0:32 


1 


1:48 ' 


-1:28 


2:27 


2:44 




2:04 




2:34 


2:00 



25 
RSHT 



26 
WFHT 



27 
CSHT 




NOTE: For links with formula number one, trip lengths are shown in the 
form "hours: minutes". 
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one-way travel time to the nearest minute and doubling the estimate to 
obtain return trip length. 

Table 13 is not as complicated as it looks since the data for 
facilities 20 through 27 are the same as the data for the facilities 1 
through 8, respectively, and except for one transport link, the data 
are the same for facilities 9 through 16, respectively. Table 14 is also 
easily constructed since it is a diagonally symmetric matrix. 

This completes the discussion of the model with its "normal" 
cost functions, that is, the cost functions thought to be the most likely 
correct. 

7.2.3 Computer runs made; data modifications 

The information presented here is sufficient for three cases 
of data since source output are given for three different points in time. 
These cases were all run. 

Cases were also run with two modifications. In the first modifi- 
cation, haulage formula number one's coefficient "a" (representing 
loading and unloading time) was increased 50%; also the vacuum filter 
size limits were raised 50% by 1980 and 100% by 1990. The vacuum filter 
cost functions were not changed, however, to reflect the potential cost 
of expansion*. In the second modification, both coefficients of haulage 
formula number one (thus representing truck rental and driver wage rates) , 
as well as the facility & M coefficients (largely representing power 
and labour), were raised by 20% by 1980 and 60% by 1990. 

The facility capital cost coefficients were kept the same in 
every case, i.e., no matter which time period was being run (1974, 1980 
or 1990). It was assumed that the planning decisions were being made 
with the same facilities existing in the previous period as those that 
exist now. This means that the solutions obtained for 1980 and 1990 
contain overestimated capital costs for facilities that would exist by 
then according to the solutions obtained for 1974 and 1980, respectively. 
However , this is a first approximation which could be Improved with 
further runs if necessary. 



* Thus, an indication was obtained regarding the desirability of expansion 
without taking capital cost into account . 
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The computer runs made for this study are listed in Table 
15. The table shows that for each data modification and year, before 
a complete survey run was made, three short runs with one specified 
facility combination were made to test the value of the weight factor. 
These short runs were also valuable for checking out the input data for 
the model. Each complete survey was made with a weight factor of zero, 
as this value proved to be best in the short runs. The results of the 
computer runs will be discussed in Section 7.2.6. 

The table also shows that the first 12 runs contained one case 
each, while runs 13 to 16 contained a case for each of three years, and 
runs 17 to 20 contained a case for each of two years. 

The computing cost for all 20 runs was about $400.00. 

7.2.4 Input data ' 

In Appendix IV, Section 3, the input data decks are shown and 
explained for run numbers 1, 4 and 16. It is not necessary to read that 
section unless you wish to see what the actual data decks looked like 
and how they incorporated the facility and transport information presented 
above. We are presenting the Niagara study primarily as an example of 
ALL02 output and its interpretation. 

7.2.5 Printout 



In Appendix VII the printout from run no. 16, including all 
three data cases, is partially shown as an example of typical printout 
from ALL02. This is one of the runs for which input data decks were 
shown in Appendix IV, The results of this and the other runs are summarized 
and discussed in Section 7.2.6. 

Here we shall explain the significance of each part of the 
printout, emphasizing points which are of special interest to the Niagara 
study. 

The first page of the printout shown in Appendix VII was the 
same for every run in the study, except for the statement appearing 
between the symbols "////", which documents the data modification for the 
run. You will also note on the first page that ALPHA is referred to in 
the printout as the "travelling factor". 
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TABLE 15. ALL02 RUNS MADE IN NIAGARA STUDY 

Facility 

Run Data Weight Combinations 

No, Modification ^ ^ear Factor Evaluated'-^" 

1 1974 ^a 1 only 



3 II I* #^ '»* 

% " «* All 

5 " 1980 ^t 1 only 

g " >' © Ail 



1990 -2: 1 only 



ii 

13 

14 



If 



II 


^' 


» 


;M:, 





All 


,80,90 


-2 


1 onlj^ 


" 





M 


m-. 


^I 


n 


tt 





All 


80,90 


-2 


1 onlj 


II 





ir 


M 


■*f 


« 


tt 





.&u 



" = No modification. 

1 = Loading costs raised 507o; vacuum filter size limits raised 50% 

by 1980, 100% by 1990. 

2 = Loading, haulage and 0.& M, costs raised 20% by 1980, 60% by 1990 

^■' When "1 only" is stated, the combination evaluated was that which 
contains all potential facilities, in order to test the value of 
the weight factor. 



On the second page, the printout states that data case number 
one is beginning. The data, which were discussed in the preceding section, 
are printed out with the addition of a few explanatory statements. You 
will note that the number "22222222" is shown as the size limit for 
facilities which were given no effective size limit in the data. This 
is the actual number used by the program for purposes of linear programm- 
ing. When the total output of sources is larger, as in the 1980 and 1990 
data cases, the number used is larger, but is similar in its repetitioii 
of digits. 

The volume reduction factor given for the drying lagoons is 
not used, since these facilities are modelled as dead-end facilities ^ 
as are the vacuum filters. 

The transport information is printed out in a matrix that shows 
not only the haulage formula indicator and trip length (distance) entered 
for each link, but also the transport link cost coefficient C ("unit 
transport cost") calculated by the program, as well as the sum of C 
and the variable cost B of the facility at the end of the link, giving 
the link's distribution cost coefficient ("unit variable cost" in the 
printout), which is used in the optimization of sludge distribution. 
As would be expected from the data, these coefficients are the same in 
each of the three data cases. For brevity, only a few of the significant 
digits in the data are printed out. 

At the end of the transport information the printout tells 
the user how the data are modified for computation, both in terms of 
scaling and weighting. As would be expected from the data, the weighting 
routine results in no change in the data in any of the three data cases. 
However, the scaling results in large changes which are of a different 
magnitude in the first data case than in the second and third. This 
difference in magnitude results from the larger source outputs in the 
second and third data cases. 

The effect is that fewer significant digits are retained for 
computations in the second and third data cases. The precision is, never- 
theless, quite adequate. Using integer values for all numbers, computa- 
tions for the first data case are done in units of dollars per 100,000 
gallons for cost coefficients and in units of 100 gallons for sludge 
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volumes. For the second and third data cases, they are done in units of 
dollars per 10,000 gallons for cost coefficients and units of 1,000 
gallons for sludge volumes. As the printout states, total system costs 
(including fixed charges) within the computations are then 1000 times 
and 10 times the actual for the first case and the other two cases, 
respectively. 

This information on scaling tells you what kind of precision 
to expect in the printout of the solutions, which i s done in terms of 
the original units used in the input data. For example, in the first 
data case, system costs should contain very little error from round-off, 
etc. since three extra digits (not shown in the printout) were being 
carried internally. However, in the second and third data cases, such 
errors may be expected in the last couple of digits, since only one extra 
digit was being carried internally. 

The next item in the printout states the number of facility 
combinations to be read from the data, or to be considered in the program's 
combination generating routine. The input data instruct the program 
that no specific combinations are in the data; so it undertakes to 

generate all possible combinations. The printout says there are 134217727 

27 
combinations to be considered, which is just 2 -1. Of course, ALL02 

will generate only a small proportion of these since it is later constrained 

to include certain facilities in every combination. 

At this point, the printout also gives the values of ARBOUT and 
IDUMP, which you recall from the input data are 300 and 1000, respectively. 
You will note that the printout says a facility combination is being 
"done with netout" when it means that its sludge distribution is being 
optimized and printed out before it is screened . 

Next the printout states the initial value of C* that it will 
use for screening. No value for this was entered in the data; so the 
program uses the number 999999999, the value entered for INF in the 
block data. Thus, the survey of solutions will obtain its first meaningful 
value for C* as the total system cost of the first solution evaluated and 
stored. 

Following this is the list of facilities the program is instruc- 
ted to include in every combination it generates and the maximum values 
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entered in the data for the number of facilities of each type that may 
exist in a combination. You recall that the latter may be overridden 
by the former. 

On the same page, the printout begins with a facility combina- 
tion being done with netout. After naming the facilities that belong 
to the combination, it gives the optimized distribution. You will note 
that the combination is referred to here as a "subset". Also, all 
facilities that were to be included in every combination are shown here, 
even though the total input to many of them is zero. 

Between the 900th and the 1200th facility combinations done 
with netout, the printout states that a data dump was completed after 
the 1000th facility combination was evaluated. This statement also 
appears at the end of this data dump, on dataset file unit IW2. 

Note that in all three data cases the same six facility com- 
binations are done with netout. This is because the instructions to 
the program for generating the combinations and for doing combinations 
with netout were the same each time. It may be useful to compare the 
optimized sludge distributions for this set of non-optimal solutions 
in the different cases. 

After the 1800th facility combination done with netout, the 
printout indicates the completion of the survey and details the stored 
set of best solutions. The 20 stored solutions are then printed out with 
optimized distributions. Note that no facility in these solutions has 
zero input. 

Finally, the data case is completed by the printout of statistics 
showing FACSET, the total number of facility combinations evaluated (actually 
generated within the program) and NSTOR, the number of combinations that 
passed through all screening and were stored at some time in the set of 
best solutions. Note that about 60% of all the combinations passed through 
all screening. This is done to the large value of ESP which, as stated 
earlier, could have been smaller without changing the results. 

The statistics show LINCAL, the number of times linear programm- 
ing was called upon. Note that this is about 75% of the maximum value 
it could have (namely 2 x FACSET) if screening never eliminated any 
facility combinations before they had been submitted to all required 
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linear programming. Therefore, this also indicates a rather low effec- 
tiveness in this run . 

The statistics also show NOSMMR, the number of facility 
combinations for which the winter optimization was so inconsiderate of 
the summer system that, due to their size limits, the summer facilities 
could not meet Che demand put on them. This is zero, as desired and 
expected , 

7.2.6 Results 

In this section, the results of the 20 runs in the Niagara 
study are summarized and discussed. First, we shall deal with those 
which were short runs to test the value of the weight factor and the 
correctness of the data. 

7.2.6.1 Preliminary short runs . Table 16 summarizes the results of 
the short runs. Each row of the table gives the result for a particular 
data case. You will recall that all of these data cases contained only 
one specified combination of facilities for evaluation: that combination 
which includes all 27 potential facilities in the mode. The result, 
therefore, just shows which of the facilities have some input in the 
optimized sludge distribution. It also shows the total system cost, exclu- 
ding fixed charges for facilities with zero input. We are not particularly 
interested here in the exact sludge distribution. 

In the table, an "l" in the column under a potential facility 
name indicates that this facility had input over zero in the optimized 
sludge distribution. The resulting combination of facilities would be 
the globally optimal solution for the data case if it were not for the 
fixed charges in the facility cost functions*. You will see in the next 
section that, due to the influence of the fixed charges, the 20 least-cost 
solutions do not include the facility combination shown here in any of 
the data cases. 

These preliminary short runs are useful to observe the influence 
of the fixed charges. They are also useful because, by checking the data 



* Fixed charges "throw a wrench in the works" because if you take one 
of these facility combinations and remove a facility from it or replace 
it with another, the increase in cost of distribution may be more than 
compensated by a decrease in the total fixed charges. 
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TABLE 16. SUMMARY OF RESULTS OF PRELIMINARY SHORT RUNS 




LAND SPREADING 
SITES 



DRYING 
LAGOONS 



HOLDING 
TANKS 



."v/ 



-^ >/ 



Qj 
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14 
15 
13 
14 
15 
13 
14 
15 

17 
18 
19 
17 
18 
19 



74 -2 
74 
74 +2 
80 -2 
80 
80 +2 
90 -2 
90 
90 +2 



74 -2 
74 
74 +2 



1 80 -2 



80 
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=b 



Ol -V -v "v 



Vv "s "v 



I I 



III 



III 



I I 



III 



III 



III 



III 



I I 



•s- N- "v 



(\ <\ <\ f\- 



I I 
I 

I I 
I 

I I 

X 



I I 
I 

I I 
% 

I I 



I I 

I 

I I 
I 



<v ^v ^ ^ 




129 



printed out, you could ascertain whether the data were set up properly, 
thus avoiding the possibility of wasting money on a long complete run 
with incorrect data. Another check is to look at the solution of the 
short run to make sure the costs printed out are reasonable. 

A very important use of these short runs is to test the value 
of the weight factor. 

For the tests to be meaningful, the solutions should be reason- 
ably close to the near-optimal solutions that are obtained in a complete 
run. You will see that the relative difference between these system 
costs and those discussed in the next section is less than 10% in 
every data case; so this condition is satisfied. If difficulties were 
expected in satisfying this condition (as would happen if the fixed 
charges were much larger than in this example) , then the short runs 
should be made with several specific combinations of facilities rather 
than just one, and the weight factor value which gives the least cost 
solution out of the restricted survey should be chosen. 

In this example, it is obvious that a zero weight factor is 
better than a value of +2 or -2. Since the value of +2 always gives a 
system cost very close to that given by the zero value, it is concluded 
that zero is a good approximation to the optimal weight factor. 

7.2.6.2 Complete runs: solutions to consider . Looking at the printout 
excerpts from run no. 16 in Appendix VII, and realizing that the whole 
printout for that run constitutes just 30-40% of the entire printout 
for all the complete runs (no. 4, 8, 12 and 20), you may be overwhelmed 
by the sheer volume of the entire printout that must be analyzed to 
obtain meaningful results. This section illustrates a simple process 
by which initial interpretation of the printout can be carried out to 
greatly reduce the number of solutions for detailed consideration*. 

We are concerned in this section only with facility combinations 
in the final best solutions for each data case, not with the optimal sludge 
distribution patterns. The first step is to go through the printout and 
summarize the least-cost facility combinations in tabular form. 



* In fact, the process illustrated in this section is entirely mechanical 
and could be carried out by a simple computer program. 
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Table 17 shows the 20 least cost facility combinations obtained 
in runs 4, 8 and 12, that is for 1974, 1980 and 1990, respectively, 
with no data modifications. The cases are placed one under the other to 
facilitate comparison; and within each case the facility combinations are 
ranked from top to bottom from best (cheapest) to 20th best. 

From the column on the right, giving the total system cost, you 
can see that the 20 best solutions are very similar in cost within each 
case. In fact, many more best solutions than 20 might be of interest, 
if we had the opportunity to do the runs over again. 

Patterns of "desirability" of the various potential facilities 
are clear from this table. Certain facilities appear in every solution, 
implying that they are quite essential. Predictably, the number of such 
essential facilities increases over the years . On the other hand , certain 
facilities do not appear in any of the best solutions. As well as this, 
certain facilities can be seen to be alternate choices for one another. 
For example, in the first four solutions for 1974, the Cyanamid holding 
tank alternates with the Rosedene holding tank, and the Port Colborne 
holding tank alternates with the Port Colborne drying lagoon. 

Another useful observation is that for 1980, pairs of adjacent 
solutions (i.e. adjacent rows in the table) often differ only in that 
the Port Dalhousie vacuum filter may or may not be used. 

Table 18 summarizes the results of the runs with the first 
data modification (higher loading costs, increasing size limits on vacuum 
filters) and Table 19, the second data modification (increasing transport 
and & M costs). Facility desirability patterns are also observable 
in these results. 

Such observations are valuable to get an initial feeling for 
the results. 

As well as comparisons within a data case to reveal options 
that are available without significant changes in cost, comparisons between 
different data cases for the same year should be made to reveal solutions 
that are less sensitive to the data and thus more reliable. For instance, 
for 1974 the facility combinations which rank 15, 16 and 17 with unmodified 
data (Table 17) do not appear at all in the list of best solutions with 
data modification number one (Table 18) . Modification number two has 
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TABLE 17. SUMMARY OF COMPUTER RUNS WITH NO DATA MODIFICATIONS, SHOWING 
THE 20 LEAST COST FACILITY COMBINATIONS FOR EACH OF THREE 
TIME PERIODS 
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TABLE 18. SUMMARY OF COMPUTER RUN WITH DATA MODIFICATION NUMBER 1, 
SHOWING THE 20 LEAST COST FACILITY COMBINATIONS FOR EACH 
OF THREE TIME PERIODS. 
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TABLE 19. SUMMARY OF COMPUTER RUN WITH DATA MODIFICATION NUMBER 2, 
SHOWING THE 20 LEAST COST FACILITY COMBINATIONS FOR EACH 

OF TWO TIME PERIODS. 
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no effect on the 1974 data case so it need not be considered for the 1974 
solutions. 

We may carry this type of analysis quite far in order to eliminate 
a large number of the solutions shown in Tables 17, 18, and 19. Follow 
the policy that, for a given year or time period, only those facility 
combinations that occur in the lists of the 20 best solutions for eve ry 
data modification should be retained. These will be the most "robust" 
solutions , that is , those that are least sensitive to assumptions about 
cost functions and, consequently, those that are the most reliable. 

In the process of finding the robust solutions, we may record 
how they rank with each data modification. These results are shown 
diagramraatically in Figure 33 . In this diagram, the numbers from 1 to 
20 represent solution rank; these numbers are joined by straight lines 
if they actually represent the same facility combinations. Such diagrams 
illustrate the stability of a solution with respect to data modifications. 
In Figure 33 for 1974 there are 17 lines corresponding to facility combina- 
tions that the data modification does not throw out of the 20 best; but 
the steeper the line is, the more the combination is affected by Che 
modification. Similarly, for 1980 and 1990, three-link paths going right 
across the diagram correspond to facility combinations that remain in 
the 20 best no matter which modification is used in the data; but the 
more unlevel a path is, the more sensitive the combination is to the 
assumptions about the cost functions. Thus, if we wished, we could 
further evaluate the facility combinations according to such qualitative 
Indications of robustness. 

Let us not adopt a policy that a combination of facilities 
should not be retained if it cannot be placed in a time sequence of 
facility combinations for 1974, 1980 and 1990 such that each combination 
is contained in its successor. This is one possible means of enforcing 
a criterion of economical continuity: saying that facility combinations 
can only be added to, not subtracted from within the planning time horizon. 

When analyzing this aspect, we may construct a diagram such 
as Figure 34. In the columns under each year are the robust facility 
combinations retained as those that remained in the 20 best solutions 
under all the data modifications. The facility combinations are designated 
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FIGURE 33. MATCHING OF FACILITY COMBINATIONS IN 20 BEST SOLUTIONS FOR A GIVEN YEAR 
WITH DIFFERENT DATA MODIFICATIONS 
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1974 




FIGURE 34. RELATING FACILITY COMBINATIONS IN SUCCESSIVE TIME PERIODS 
SUCH THAT THE LATER COMBINATION CONTAINS THE EARLIER 

(Note: Combinations are Designated by their Solution Rank 
with Zero data Modification.) 



TABLE 20. ALL POSSIBLE SOLUTION SEQUENCES OVER TIME AS INDICATED 
BY FIGURE 34, 
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by their rank number with zero data modification (as shown in Table 17). 
A number is connected by a straight line to another number on its right 
if the facility combination it represents Is contained in the facility 
combination that the number on its right represents. Such a diagram 
illustrates the flexibility of facility combinations with respect to 
future development. Paths of development through time can be traced 
from 1974 to 1990 by following the lines from left to right. The 
more alternatives that grow out of a facility combination, the more 
flexible it is. You can see that some facility combinations do not 
occur on any path at all; so they are not eliminated. 

Table 20 lists all possible paths of development implied in 
Figure 34, again designating the facility combinations by their rank 
numbers as shown in Table 17. You can see that there are 28 different 
possible paths. We have numbered them for latter reference. 

Table 21 lists the facility combinations now remaining for 
each year. For simplicity, facilities that do not occur in any of these 
solutions are omitted from the table headings. We can now restrict 
attention to the 24 solutions in this table, a much easier task than 
considering the 160 solutions listed in Tables 17, 18 and 19. 

TABLE 21. SOLUTIONS REMAINING FOR DETAILED CONSIDERATION 
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7.2.6.3 Summary of the results . The results of the Niagara- ;«t3i»dy warrant 
a whole report by themselves, rather than just these few sections. The 
solutions would have to be judged in the light of qualitative factors 
that a computer cannot handle and the further ramifications of each 
promising solution, such as the sludge transport system it requires. On 
the basis of such evaluations, recommendations would be made on data 
for additional computer runs or for acceptance of a final plan. The 
procedure was discussed in Chapter 3. 

Here, however, we can show a quantitative interpretation of 
the direct results of the computer runs and make generalizations on them 
that will demonstrate the type of input the computer runs give to the 
engineer in his planning task. 

After reducing the number of solutions for consideration, as 
in the preceding section, the retained solutions can be examined in 
detail with respect to the optimized sludge distribution patterns given 
in the printout. It is found that the distribution patterns for the 
different solutions are all small variations on a few basic patterns. 
Simplified distribution maps, such as the one shown in Figure 35 (seventh 
ranking facility combination for 1974 with no data modification), can 
be drawn to aid visualization. 

We find that for every facility combination listed in Table 
21, the data modifications have no effect on the optimized sludge distri- 
bution, with one exception: when the vacuum filter size limits are raised for 
1980 and 1990 in data modification no. 1 in facility combinations containing 
the Port Dalhousie vacuum filter. This allows the Port Weller/Port Dalhousie 
source (PWDH) to send more sludge to this vacuum filter and less to the 
distant Cyanamid holding tank (CYHT) . In turn, this lightens the load on 
some land spreading sites from PWDH and CYHT and may also affect the 
distribution from the Niagara Falls source among these sites. However, 
the distribution picture remains virtually the same. 

This is further evidence of the stability of these solutions or 
facility combinations relative to variations in the data. 

Recalling that the drying lagoons and vacuum filters have ultimate 
disposal to certain land spreading sites assumed in their & M costs, 
we now check for such facilities in these solutions to see where this 
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FIGURE 35. SIMPLIFIED MAP OF SLUDGE DISTRIBUTION FOR THE 7 
COMBINATION FOR 1974 WITH ZERO DATA MODIFICATION 
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hidden disposal is going. To be conservative, we use the sludge distribu- 
tion patterns without the raised vacuum filter size limits. Thus, we 
find that the actual total input to the Fort Erie land spread site is 
over its size limit in every solution: 3% over in six 1974 solutions and 
43% over in two; 43% over in one 1980 solution and 115% over in eight; 
and 115% over in seven 1990 solutions. In addition, we find that in some 
solutions the size limit is also exceeded on the Port Colborne land spread 
in terms of actual total input: 11% over in three 1974 solutions and 
20% over in one; 39% over in four 1980 solutions and 43% over in two 
1990 solutions. This is suiranarized in Table 22. 

This is not a difficult matter, however. If the excess allocation 
is deemed large enough to invalidate a solution, we need only rearrange 
the sludge distribution slightly to eliminate it. Since the other land 
spreading sites have size limits 10 times the size of Fort Erie or 
Port Colborne, several of which are quite close (eg. Netherby and Point 
Abino) , a small alteration of the sludge distribution would suffice and 
the system cost would not change significantly*. 

Next, we might take a closer look at the continuity of the 
solution sequences listed in Table 20. It is possible to evaluate 
solutions in terms of how well they blend into one another in the time 
sequence. One quantitative criterion that can be used is an extension 
of that used in the preceding section: if the totai annual input to a 
facility decreases from one time period to the next, the solution could 
be questionable. A good justification would have to be found for a solution 
that contains a facility that must be established at some point for a much 
larger capacity than it needs in the future. Thus, for example, the 
sequences in Table 20 numbered 1, 2, 5, 6, 7 and 8 have the Rosedene 
land spreading site used in 1990 only half as much as in 1980. The same 
may be said for the Rosedene holding tank in sequence numbers 21, 22, 
23 and 24; and the Point Abino holding tank in sequence numbers 16 
and 18. A similar situation, though not as extreme, holds for the Point 



* Recal'l that such,,-?ianual alteration of solutions is necessary here 
because in the Niagara study we are modelling a situation (namely. the 
ultimate disposal of dewatered sludge by agricultural land spreading) 
that does not match exactly with the ideal problem ALL02 was designed 
for (see section 2.2 of this chapter). However, it should be'clear 
that this has not created any serious obstacles. 
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TABLE 22. PERCENT BY WHICH ACTUAL TOTAL INPUT EXCEEDS SIZE 

LIMIT ON FORT ERIE AND PORT COLBORNE LAND SPREADINC 
SITES DUE TO HIDDEN ULTIMATE DISPOSAL FROM DEWATERING 
FACILITIES 



YEAR 
1974 



1980 



1990 



SOLUTION 

1 

2 

5 

7 

8 
10 
12 
13 

t 

4 

6 

7 

9 
11 
13 
16 
18 

1 

2 

3 

4 

6 
10 
15 



FORT ERIE 


PORT COLBORNE 


3 


11 


43 


20 


3 


11 


3 


11 


3 





3 





43 





3 





43 


39 


115 


39 


115 





115 





115 





115 


39 


115 





115 





115 


39 


115 





115 





115 


43 


115 





115 





115 





115 


43 
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Abino holding tank in sequence no. 17. Thus, we may conclude that attention 
should be concentrated on the remaining sequences which are: 

1974 1980 1990 



I 


11 


15 


I 


18 


15 


t 


11 


15 


f 


18 


15 


m 


6 


I 



1974 


1980 


1990 


a 


7 


2 


t 


7 


4 


w 


9 


2 


8 


13 


4 


13 


7 


2 


13 


7 


4 


13 


9 


2 


13 


13 


4 



iM W ^ 



As usual, we are designating facility combinations by their rank number 
with zero data modification. 

Now there are only 15 sequences, starting from five 1974 solutions, 
certainly a manageable number to study in order to visualize what they 
each mean in terms of planning. For instance, consider the simplified 
sludge distribution maps of solutions 8 (for 1974), 7 (for 1980) and 
2 (for 1990) in Figure 36 (a), (b), and (c) , respectively. In 1974 
the six sources share holding tank and land spreading facilities at five 
sites. Only Grimsby-Lincoln has a land spreading facility all to itself, 
and only Port Colborne has a holding tank all to itself. 

By 1980 (Figure 36(b)), the system has changed significantly: 
the larger output of Port Weller/Port Dalhousie is split between the on- 
site vacuum filter and the Cyanamid holding tank in the winter or Netherby 
land spreading site in the summer, and that of Fort Erie is split between 
its neighbouring drying lagoon and the Cyanamid holding tank in the 
winter or Fort Erie land spreading site in the summer, while Grimsby- 
Lincoln and Port Colborne each have a location all to themselves for a 
holding tank and land spreading site. We might say that* in this phase, 
the demand centred among the four north-eastern sources has monopolized 
the facilities in that area and forced the others to establish their own. 

In 1990 (Figure 36(c)), the system is much the same except that 
the Cyanamid holding tank has such a big winter inventory that Niagara 
Falls can no longer use Cyanamid in the summer, and must use the Netherby 



143 



ICKLK 



\ WFLS 
'WFHT 



(a) 

Solution 





\ WFLS-^ — 
^WFHT 




Cb) 

1980 

Solution 
7 



FERll 




Cc) 
1990 

Solutioa 
2 



FertI 



144 



FIGURE 36. SIMPLIFIED MAPS OF SLUDGE DISTRIBUTION FOR THREE SOLUTIONS 
THAT FORM A TIME SEQUENCE 

(See Figure 35 for Map Legend) 



land spreading site instead. This pushes some of the summer flow out 
of Port Weller/Port Dalhousie from Netherby over to Rosedene (so that 
Grimsby-Lincoln no longer has sole use of that location) . Similarly, 
Fort Erie can no longer use Cyanamid; so Point Abino is added for its 
use and to help relieve the Cyanamid holding tank. 

If solution 4 were used for 1990 instead of 2, the only 
difference would be that the holding tank used by Fort Erie would be 
located at Netherby instead of Point Abino. 

Fort Erie could have its Point Abino and/or Netherby facilities, 
as in solutions 2 or 4 for 1990, already in 1980 if solution 7 for 1980 
is replaced by solution 9 or 13 , respectively. 

These alternatives for development, starting with solution 
8 for 1974, also hold if you start with 13. The only difference is that 
then Grimsby-Lincoln already has its own holding tank at Rosedene in 
1974. 

A good grasp of the solution sequences Is readily developed 
at this point. The planner must look at the sequences which interest 
him and work out the actual cost of each one, reducing the capital cost 
of facilities in 1990 that already exist in 1980 and so on. He may 
decide that specific combinations of facilities that interest him now 
should be run with ALL02 using different cost functions or facility 
size limits, to obtain more accurate optimal sludge distribution patterns 
and economic comparisons. Or he may be able to select a plan well enough 
without further computer runs. In any case, he is in the excellent 
position of having 10 or 20 solutions before him which he could not have 
obtained manually. On the basis of the reasonable assumptions that produced 
the model and the cost functions, these solutions are the best among 
a choice of thousands. 
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APPENDIX I 
PROJECT HISTORY 

The origin of this manual goes back to April, 1972 and a series 
of letters and discussions between Professor P, L. Silveston of B & P 
Silveston, Engineers, Claude Langlois, then the Executive Director of the 
Canadian Federation of Mayors and Municipalities (CFMM) and Roger Gosselin, 
a research officer with the Federation. As an outcome of the exchange 
of ideas, the CFMM joined B & P Silveston, Engineers, in a proposal, 
"Development of a Computer-Aided Technique for Design of Regional Sludge 
Disposal Systems", submitted to the Technical Committee established 
under the provisions of the Canada-Ontario Agreement on Great Lakes Water 
Quality for possible inclusion in the research program funded through 
the Agreement. An important component of the Research program was the 
handling and disposal of sewage sludge. The proposal was submitted toward 
the end of 1972 to Gordon Van Fleet, Secretary of the Technical Committee. 

The BPSE-CFMM proposal was accepted by the Technical Committee 
for the 1974 fiscal year and funded in June, 1973. The objectives in the 
first year of the contract were a review of existing planning programs, 
development of a computer-based sludge disposal planning procedure and 
writing a computer program to handle the economic evaluation of disposal 
alternatives. Guidelines for the types of systems to be considered by the 
computer program were devised by the project co-director (on behalf of 
CFMM), W.L. Keay, Director, Pollution Control Division, Regional Municipa- 
lity of Ottawa-Carleton; Professor P.L. Silveston, project co-director 
for BPSE; B.I. Boyko of the Ontario Ministry of the Environment and Dr. 
E.E. Shannon of the Canada Department of the Environment. Mr. Boyko and 
Dr. Shannon, both research officers for their agencies, were the contract 
liaison officers for the two governments. 

Phillip Woods served as project officer for the first four 
months of the project. He was replaced by F. James Allan in September 
1973. Mr. Allan developed the ALL02 program described in this manual. 
During the first year, Jim Allan was assisted by Mr. P.E.L. Williams, 
Mrs. Gaye Henry and Mrs. Bonnie Armour. 
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Work in the first year is described in a report entitled 
"Development of a Computer-Aided Technique For the Design of Regional 
Sludge Disposal Systems For The Abatement of Municipal Pollution", dated 
March 31, 1974 and submitted to the Canada Department of the Environment. 
Two sections of this report deal with areas which are not described to 
any extent: 1) a review of the waste disposal planning literature; and, 
2) a study of the uniformity of sludge production in waste treatment plants 
It was found that planning programs exist for the planning of sewage treat- 
ment facilities on a regional basis and for planning dump sites for solid 
wastes. Because of the capacity of digesters, drying lagoons and other 
sludge-holding facilities in treatment plants, the shipment of sludge 
from a treatment plant can be considered as uniform throughout the year. 
The 1974 report also contained a study of the cost of sludge dipsosal 
facilities, and of sludge transport. Portions of the study are included 
in this manual. 

In April, 1974, the second year of the project was funded. The 
objectives in the second year were testing the ALL02 planning program 
by application to a real sludge disposal problem, program modification 
and preparation of this manual, and development of a sludge transport 
scheduling program. Arrangements were made through Ted Siraonen, Pollution 
Control Director for the Regional Municipality of Niagara, to examine 
sludge disposal in the region as a test of the ALL02 program. The Region, 
at the time these arrangements were made, had a study of sludge disposal 
under way. 

Size of the sludge disposal problem in Niagara in terms of the 
number of sources and the number of possible facilities to be considered 
could not be handled efficiently by the ALL02 program developed in the 
first year of the project. Attempts to patch the program proved to be 
insufficient and, as a consequence, large parts of the program had to 
be rewritten. The revised version is that which is in the manual. Sludge 
production information, disposal facility types and possible location, 
as well as facility and transport costs were furnished to BPSE by the 
Regional Municipality. Studies performed are described in Chapter 7. 
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Assisting Mr. F.J. Allan, the project manager, was Mrs. Karin 
Voisin. Liaison officers for the second year were Mr. Gerry Rupke, 
Ontario Ministry of the Environment and Mr. W.E. Stepko of the Canada 
Department of the Environment. 

Testing and any needed modification of the sludge transport 
scheduling program remain to be undertaken. A six-month extension of the 
project to cover these phases has been requested. 
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APPENDIX II 
ABRIDGEMENT OF A 1974 J.F. MACLAREN, LIMITED 
PAPER ON LANDFILL SITE SCREENING* 

SELECTION CRITERIA, METHODS AND SCORING SYSTEM FOR 
SANITARY LANDFILL SITE SELECTION 

m 

D.P. Sexsmlth, T.M.A. Wilson and R.G. Graham** 

Sanitary landfilling of refuse is the most prevalent disposal 
metliod currently in use. Experience has shown that establishing sanitary 
landfills in accordance with increasingly stringent regulatory procedures 
is a very difficult and time-consuming operation fraught with strong 
opposition by special interest groups and the public in general. 

The most significant and widely accepted development in the 
solid waste management field in recent years has been the recognition that 
waste disposal systems should be established on a regional basis. To 
permit eventual designation of specific sites for disposal purposes a 
large number of potential sites must be investigated. It is essential 
that the investigation be logical and systematic, and that the procedure 
be well-documented to illustrate that the sites eventually selected have 
not been chosen arbitrarily. 

The site investigation involves a detailed evaluation of all 
physiographic and environmental conditions pertaining to the location 
and operation of a sanitary landfill. Initially, all information pertinent 
to the study area is collected and reviewed, including topographic mapping; 
soil, geologic and groundwater reports or base data; land use and demo- 
graphic planning; recreation and conservation studies. 

Experience has shown that the interpretation of aerial photo- 
graphy provides a relatively quick and inexpensive means of conducting 
the preliminary site investigation in order to inventory all available 
data, and in some cases, to carry out a complete terrain analysis where 
no background information is available. By initially studying small 



* Unpublished paper available through J.F. MacLaren, Ltd. 

** Group Manager, Project Manager and Project Engineer, respectively. 
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scale air photos (1" = 1 mile or greater), areas obviously unsuitable 

for landfill development can be eliminated from a more detailed evaluation. 

The principal physical parameters considered in determining 
the suitability of sites for sanitary landfill include the type and 
abundance of cover material (usually the determining factor in site 
capacity determinations), surface and groundwater characteristics, isolation, 
and physiography of the area. Other important factors which must be 
considered are the public acceptability of the facility location, appea- 
rance, truck traffic, noise, dust, the potential damage to the existing 
ecologic regime, the corapatability of the site with future land use goals, 
the ability to control gas release, and the minimization of engineering 
design and operational problems. 

Detailed site selection and evaluation is accomplished by the 
analysis of large scale airphotos (1" = 1,000')- 

It should be noted that the air photo analysis is not meant 
to replace ground surveys, but rather to increase their efficiency and 
effectiveness. Field checks are carried out to provide verification of 
existing data or to resolve outstanding questions. With all of this 
information at hand it is then possible to proceed Co the specific site 
selection phase of the exercise. 

There are very seldom perfect sites available; most sites 
usually have both good and bad features. In order to keep the many 
unique characteristics of a large number of potential sites in an orderly, 
relative perspective, a scoring system based on noneconoraic factors has 
been developed. 

In essence, the establishment and use of a site must be based 
on certain objectives. For the purpose of the model, objectives are 
developed such that they must be attainable and the degree of attainment 
must be measurable. Within this context a great number of objectives 
can be determined. These objectives are listed in order of importance 
and a value is assigned to the objective to reflect its relative importance. 
Once this is accomplished, experience has shown that many of the originally 
listed objectives are insignificant and should therefore be discarded. 

Having listed the objectives, criteria can then be developed 
for each which measure the ability of a site to attain that objective. The 
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criteria for each objective can then be arranged and assigned numerical 
values reflecting not their individual significance, but their relative 
ability to measure most exactly the attainment of the objective. 

With the scoring model developed all sites can be compared 
relative to one criteria by assigning a numerical value reflecting the 
site's ability to satisfy the criteria being examined. (If a site cannot 
meet the objective being examined, it is eliminated from further considera- 
tion.) Various specialists can score the sites under criteria involving 
their area of expertise. For example, planners may be used to score those 
criteria related to land use. 

A useful test of the value of the criteria in the model is made 
by having several knowledgeable persons score the same site under a specific 
criterion. If the resultant scores are erratic it is probable that the 
criterion is not valid and it should be discarded. A computer solution 
has been developed to translate the individually assigned numerical scores 
under each criteria to a prorated score for the site, reflecting the assigned 
relative values of the criteria and objectives as previously established. 

As an example, an actual scoring model used on a study in the 
Ottawa-Hull, National Capital area may be examined. The objectives and 
their ratings are as follows: 

The site must not endanger public health or safety .... 1000 

The site must be acceptable to the public 800 

Impairment of the site ecology must be avoided 500 

The usage of the site must be compatible with the 

accepted land use planning in the area 500 

The site must be suitable for ready development and 

operation as a landfill 300 

Table 23 is a display of the objectives and related criteria 
with the assigned relative ratings. 

In reviewing Table 23 it may be noted that in the case of "public 
health and safety" it was determined that the criterion which best measures 
the attainment of the objective was "freedom from the hazard of ground- 
water pollution". This criterion was given the maximum rating of 10 
and the others were rated relatively, with the least sensitive being assigned 



TABLE 23. SANITARY LANDFILL STTH SCORING SYSTIIM 



Principal Objectives Rating 
of by Order 
Sanitary Landfill of 
Importance 



1. Public Health 
and Safety 
(HLTH & STY) 



1000 



Relative 
Criteria Rating 

Groundwater Pollution Hazard ....... (GWHZ) 10 

Gas Travel Hazard (GAS) 8 

Groundwater Pollution Potential .... (GWAT) 8 

Surface Water Pollution Potential 

and Hazard (SWAT) 6 

Dust, Noise and Odour Hazards (ODOR) 1 

Traffic Access Hazard Potential .... (TRAP) 1 

Isolation From Sight (ISOL) 10 

Access Roads (TRAP) 8 

Isolation From Noise, Dust, Odour ., (ODOR) 6 

Surface Water Pollution Potential... (SWAT) 4 

Desirability & Benefit of site as 

Completed Landfill (FUTE) 2 

Desirability of Improved Land Use .. (IMPL) 1 

Type and Density of Vegetation (VEG) 10 

Influence of Existing Development in 

The Surrounding Area on Species, 

Variety and Density (DIST) 2 

Compatibility of Completed Fill Area 

with Future Land use Plans (FUTE) 10 

Desirability of Improving the Existing 

Land Use ( IMPL) 5 

Life of Site (CAP) 10 

Availability of Cover Material on Site (GOV) 5 

Ability to Divert Surface Water (DWAT) 5 

General Accessibility of Site (TRAP) 2 



2. Public 

Acceptability 
(PUB ACPT) 



800 



Ecological 

Consideration 
(ECOLOGY) 



500 



Area Planning 
and Development 
Compatibility 
(Land Use) 



500 



Operation and 
Finishing 
Facility 
(OP & FIN) 



300 
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the value of one. It is noted that although a criterion such as that 
dealing with "traffic" rated low from the safety and health aspect, it 
was rated quite high when "public acceptability" was considered. 

The scoring is best done by considering one criterion for each 
site and scoring all sites prior to proceeding to the next criterion. 
Each criterion is given a score ranging from 1 to 10 with the higher 
score representing the desirable direction. Thus, a site with no "potential 
groundwater pollution hazard" for example, would receive a score of 10. 

When all criteria have been considered for each site the scores 
are weighted and the sites are listed in order of descending total score. 
Table 24 indicates the computer output for some of the sites considered 
in the National Capital area . The score shown for each site provides 
an indication of the order of desirability relative to another site; 
these should not be construed, however, as a measure of how much better 
one site is than another. 

Having determined the best six or eight sites by the scoring 
technique, it is then possible to select the best site on an economic 
basis. The first step in doing so is the determination of the cost 
to develop and eventually finish the sites. This involves the preliminary 
design of each site which once again makes use of the mapping, records 
and photographs to establish site capacities, drainage requirements, 
natural site screening, etc. 

Having determined all development and finishing costs, it is 
then possible to make an economic assessment of the sites to establish 
the best site from a total system cost viewpoint. The economic analysis 
represents the culmination of the many individual investigations associated 
with a solid waste disposal study inasmuch as it combines the results 
of investigations to determine future population and land use, potential 
waste generation rates, existing and future transportation networks, 
haulage costs, processing and disposal facility operating costs and 
processing plant capital costs. Thus, the eventual landfill site selec- 
tion is based on such factors as the economics of refuse haulage and the 
source of refuse generation as well as the operating and development 
costs for the site. 
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TABLE 24. COMPUTER PRINTOUT OF SCORE SU?1MARIES FOR BEST NINE LANDFILL SITES 



OH 

o 



.lAMES V. n^ajVRKN LT!) - SCORING SYSTEM - JAN/06/73 
NATIONAL CAPITAL AREA SOLID WASTE MANAGEKENT STUDY (1584) 



GESERAL 




CHARACTERISTIC 


MAX 






LANDFILL S 


ITE SELECT 


ION 










OBJECTIVES 


WEIGHT 


NAME 


SCORE 


09 


08 


11 


20 


10 


01 


02 


05 


17 


i HLTH 
USTY 


1000.00 


GWMZ 

GAS 


235.29 


264.70 
235.29 


264.70 
235,29 


205.88 
211.76 


205.88 
188.23 


205.88 
211.76 


147.05 
235.29 


147.05 
211.76 


147.05 
235.29 


29.41 
211.76 






GWAT 


235.29 


211.76 


211.76 


141.17 


70.58 


211.76 


23.52 


23.52 


23.52 


70.58 






SWAT 


176. i7 


S2.94 


52.94 


105.38 


105.68 


70.58 


105.88 


105.88 


52.94 


70.58 






ODOR 
TRAF 


29.41 


29.41 


29.41 


29.41 


20.58 


29.41 


17.64 


20.58 


26.47 


14.70 




29.41 


26.47 


29.41 


26.47 


23,53 


26.47 


29.41 


29.41 


29.41 


20.58 






OBJECTIVE TOTAL 


1000.00 


820. 5S 


823.53 


720,59 


614.70 


755.08 


558.02 


538.23 


514.70 


417.64 


2 I'l'B 
ACPT 


800.00 


ISOL 
TRAP 


238.06 
206.45 


232.25 

185.80 


256.06 

206.45 


206.43 

185.80 


232.25 

103.22 


258.06 
165.80 


180.64 

165.16 


206.45 

165.16 


258.06 
123.87 


232.23 
103.22 






ODOK 


154.83 


139.35 


154.83 


139.35 


139.35 


139.35 


123.67 


123.87 


154.83 


123.87 






SWAT 


103.22 


51.61 


51.61 


72.25 


72.25 


51.61 


61.93 


61.93 


20,64 


51.61 






ETJTE 


91.61 


30.96 


25.60 


30.96 


41.29 


5.16 


30.96 


30.96 


28.80 


10.32 






IMPL 


25.80 


2.58 


2.58 


2.58 


7.74 


2.58 


2.58 


2. SB 


2.58 


2,5B 






OBJECTIVE TOTAL 


800 . 00 


642.56 


699.35 


637.42 


596.13 


642.58 


565.16 


590.97 


585.80 


523.87 


3 ECOL 
OCY 


500.00 


VEG 

DIST 


416.66 
83.33 


375.00 

25.00 


375.00 
8.33 


375.00 
33.33 


291.66 
66.66 


291.66 
33.33 


333.33 
33.33 


333.33 
25.00 


375.00 
8.33 


83,33 
25.00 



OBJECTIVE TOTAL 



500.00 



400.00 



383,33 



408.33 



358.33 



325.00 



366.66 



358.33 



383.33 108.33 



4 LAND 
USE 



500.00 



FUTE 



333.33 



200.00 



165.66 



200.00 



265.66 



33.33 200.00 200.00 166.66 66.66 





IMPL 


166.66 


16.66 


16.66 


15.56 


50.00 


16.66 


16.66 


16.66 


16.66 


16.66 




OBJECTIVE TOTAL 


500.00 


216.66 


183.33 


216.66 


316.66 


50.00 


216.66 


216.66 


133.33 


83,33 


5 OPS 


300.00 CAP 


136.36 


13.63 


13.63 


54.54 


27.27 


136.36 


122.72 


95.45 


34.34 


13.63 


FIN 


























GOV 


68.16 


20.45 


20.45 


20.45 


34.09 


20.45 


13.63 


13.63 


20.45 


27.27 




WAT 


68.18 


68.18 


68.18 


54.54 


47.72 


61.36 


68.18 


68.18 


68.18 


34.09 




TRAP 


. 27.27 


16.36 


2.72 


13.63 


13.63 


13.63 


21.81 


21.81 


2.72 


13.63 




OBJECTIVE TOTAL 


300.00 


118.63 


105.00 


143.18 


122.72 


231.82 


226.36 


199.09 


143.91 


88.63 



TOTAL SCORE 3100.01 2198.48 2194.56 2126.19 2003.57 2005.29 1933.69 1903.30 1813.09 1221.82 

POSITION l:23A5 6789 



In summary, the use of the data available to the hydrogeologist 
and the photointerpreter will permit the location of potential sanitary 
landfill sites in a relatively short time and at reasonable cost- The 
utilization of a scoring model in assessing the sites provides an 
objective method of evaluation and results in a useful documentation of 
the study methods. With minor alterations, the scoring techniques can be 
adapted to suit a multitude of investigative situations. Our experience 
in utilizing this type of model in some six different studies has been 
that, in spite of the initial impression of complexity, the principles 
are readily undersood and the results are accepted as being meaningful. 
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APPENDIX III 
DATA ON AVERAGE COSTS IN ONTARIO 

III.l Introduction 

This appendix presents some work done in 1974 to obtain correla- 
tions of average sludge transport cost versus distance, and average facility 
cost versus size. The results are realistic for the average situation 
in Ontario. They can be used for cost functions in the ALL02 program 
when the user is uncertain about the numbers for his specific application: 
he may find it useful to compare his solutions with those which would 
be obtained if "typical" numbers were valid. 

Caution must be used, however, since for local circumstances, 
the provincial average may be significantly incorrect. A deviation of 
20% for facility cost, or 50% for transport cost is not uncommon and 
this can significantly change the solutions. Important decisions 
affecting implementation should not be based on results of a study using 
provincial average data alone. 

III. 2 Transport Cost 

The cost of transporting sludge from a source or facility to 
another facility is assumed to depend primarily on the distance, the 
volume transported and the mode of transportation. Since we have 
limited our modes of transportation to trucking as far as obtaining 
costs is concerned, this factor is tantamount to sludge concentration, 
that is, whether tank trucks or open trucks are used. Thus, there is 
one correlation for liquid sludge (tank trucks) and one for solid 
sludge (open trucks). 

The data collected for the correlations are tabulated in 
Table 25. The primary source for these data was a 1971 OWRC report 
(Ontario, 1971), Some data were also obtained directly from pollution 
control plants which were selected from the annual directory issue of 
Water and Pollution Control, (Southam, 1973) and the annual operating 
summary published by the Ontario Ministry of the Environment (Ontario, 
1973). Costs were corrected by an index to bring them up to 1973. The 
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TABLE 25. SLUDGE HAULAGE COST DATA 



:^ 



Datum 

No. 



Place 



Year 



Volume 
(cu.yd.) 



Cost ($) 
(uncorrected) 



Unit Cost 
($/cu yd) 
(corrected) 



One-way 

Distance 

(miles) 



(Solid Sludge:) 



7„ Remarks 
T.S. * 



X 


Preston 




^n 


6210 


10246 


1.82 




& 


24 


a 


1: 


Windsor 




m 


17600 


60148 


3.75 




13^ 


37 


a 


1 


S.S. Marie 




'm 


7526 


11300 


1.95 




!m 


27 


b 


M. 


Ottawa(Bilberry) 


'72 


728 


3484 


:iar 




■^% 


-' 


c.k.j 


5 


Ottawa (Green) 


•72 


10950 


11490 


1.15 




% 


30 


c 


(Liquid 


Sludge: ) 










Are 


a(acres 


1 






1 


Belleville 




'72 


23400 


28100 


1.33 


- 


5 


•■ 


i 


1 


Belleville 




'69 


2927 


1760 


0.78 





5 


g.4 


b,l 


2 


Brant ford 




•72 


48200 


27465 


■# 


■■» 


k 


t.^ 


a.g. J 


4- 


Brant lord 




'69 


33914 


12400 


■i 


.lbi<' 


3/4 


4v:3 


b,h, j 


■5 


Brant tord 




'69 


9651 


3420 


m 


.^,' 


3/4 


19.0 


b,h, j 


■i. 


Burlington 


(Sky) 


'72 


14400 


15120 


1.15 


- 


5 


"■ 


^ 


1 


Burlington 


(Sky) 


'69 


7459 


7290 


1.27 


50 


4^ 


it 


h 


t 


Burlington 


(Drury) 


•72 


7200 


7560 


1.15 


- 


5 


■*!■ 


a^ 


■f 


Burlington 


(Drury) 


•69 


4868 


5210 


1.39 


50 


4 


^s.^ 


% 


la: 


Burlington 


(Eliz) 


'72 


4800 


5040 


1.16 


- 


5 


*> 


m. 


XI 


Burlington 


(Eliz) 


•69 


6152 


6631 


1.40 


50 


3 


■M 


%■ 


It 


Chatham 




'69 


8810 


8590 


1.27 


50 


10 


5-.t 


fe; 


It 


Cobourg 




'72 


11648 


16900 


1.60 


- 


S 


at- 


M 


14 


Cornwall 




'69 


1764 


2460 


1.81 





7 


12.5 


b,l 


B- 


Espanola 




'69 


m 


I'St 


2.80 





5 


"■^ 


b,l 


XI 


Fergus 




'69 


4875 


4900 


1.31 


80 


2 


3.0 


b 


If 


Fort Erie 




•69 


m^ 


mm 


1.11 





5 


i.S 


b,l 


li 


Fort Francis 


'69 


1052 


2950 


3.65 





3 


i.:B. 


b,l 



TABLE 25. (CONT'D) 



11 



^V: 

^ 



m 



t9 

3X 



14 



S4 



41 



4^ 



Gait 

Haileybury 
Huntsville 
Kingston 
Kingston twp. 
Kitchener 
Lakev iew 
Lakeview 
Mid land 
Midland 
Newmarket 
Newmarket 
North Bay 
North Bay 
Orangeville 
Oshawa 
Owen Sound 
Point Edward 
Port Colborne 
Preston 
Richmond Hill 
Richmond Hill 
Sidney Twp. 
Stratford 
Thunder Bay (N) 
Thunder Bay (N) 
Thunder Bay (S) 
Thunder Bay (S) 
Tillsonburg 



'7f 
•72 
*69 

m 

'69 

•72 
•72 
•72 
'72 
'69 
•72 
•69 
'72 
•69 
'69 
•72 
'69 
•69 
•69 
'72 
'72 
•69 
•69 
'72 
'72 
'69 
'72 
'69 
•69 



40000 

297 

1893 

594 

1192 

85000 

272000 

300000 

520 

2970 

128 

7164 

2t4 

27051 

1482 

16700 

8875 

3936 

6545 

18000 

14758 

168 

16800 

9250 

6032 

4610 

2214 

3518 



34000 

500 

1695 

1500 

1416 

68000 

300969 

150000 

1040 

3830 

141 

6450 

263 

18610 

2220 

9842 

8600 

688 

2322 

5236 

17600 

12900 

168 

16800 

11570 

4810 

5760 

1860 

3230 



0.94 
1.85 
1.16 
2.78 
1.54 
0.88 
1.22 
0.55 
2.20 

1.21 

1.35 

1.86 

1,26 
2.33 
0.77 
0.88 
1.08 

1.30 
1.10 
1.38 

1.38 
1.19 



200 

500 


120 





3 

1 

4% 

20 

8 

7^ 

11 

k 

4 

3 

6^ 

2 

5 

§ 

5 

5 

5k 

5 

2 

6 

i 

10 

7 

10 

t 

10 



100 



- 


a 


3,7 


b,l 


im 


a 


4.4 


b.i 


.«■ 


^ 


- 


e 


- 


f.l 


■* 


a 


10.4 


b.j 


12 


a 


5.5 


b.j 


■t 


a.l 


6.7 


b,j 


4.7 


b 


. 


a,i, j 


8.5 


b 


6.7 


b,l 


3.0 


b 


7.8 


a. I 


to 


a 


4.7 


bj 


4.4 


b,l 


.- 


$■ 


'-<A> 


d,l 


7.0 


b.j 


Hi 


d/1 


15.5 


b.j 


2.5 


b 



FT" 



ir ■ .>B»T T»"-Ti 



.,,, 



7^ » 1f""ip 
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48 


Timmons 


49 


Water down 


50 


Waterloo 



•69 


13562 


13600 


1.30 





5 


5.2 


b,l 


'69 


782 


1142 


1.90 


150 


7 


2.5 


b 


'72 


73000 


54750 


0.82 


- 


7 


- 


a 



<7^ 

CO 



*Remark Codes 

a - reported by telephone from plant. 

b - reported in excerpt from OWRC report, supplied by Ministry of the Environment (Ont. 71). Although cost is 
for 1969, distance is for 1970 

c - reported by Bill Keay. Regional Municipality of Ottawa-Car leton. 

d - reported by letter from plant. 

e - reported by K. Sakamoto. Ministry of Environment Project Operations, and 1972 operating report (Ontario, 

1973) 
f - reported by telephone from Margro, 

g - plant owns trucks. Cost includes $4,000 annual depreciation, but capital is probably excluded, 
h - plant staff used. Capital costs excluded, 
i - plant owns truck. Capital costs probably excluded. 

j - datum not used in correlation either because more recent data are available which are similar, or because 
of a typical cost allocation or equipment. 

k - unusual truck used. 

1 - zero area is shown since sludge was apparently not spread on land. 



factors used were 10% for 1972 data and 30% for 1969, corresponding closely 
to ENR labour cost indices. If a corrected unit cost is not shown, the 
particular datum was not used for the correlation, for reasons of irregu- 
larity as explained in the remarks in the table. 

Figures 37 and 38 show the corrected data plotted on linear 
scales. Figure 38 shows the same data on semi-log scales, where expo- 
nential functions appear as straight lines; Figure 40 shows the data on 
log-log scales, where power functions appear as straight lines. The 
semi-log and log-log tranformations are useful to reveal exponential and 
power function correlations which might not be suspected from the untrans- 
formed data. It can be seen from Figures 39 and 40 that such non-linear 
correlations of some significance do exist, even for the liquid sludge 
data which appear to have no significant correlation on linear scales. 
On Figures 37 and 38 the non-linear curve fits are shown, along with 
a linear curve fit and a proportional (i.e. linear through the origin) 
curve fit. All the curves in these figures were fitted by eye. For the 
solid sludge data these curve fits are trivial; but for the liquid sludge 
data, which are very scattered, it should be pointed out that some data 
points were given more weight than others, according to the size of 
contract they represented and the scarcity of points for the distance 
they represented. This was done because a large contract is less likely 
to have an abnormal cost than a small contract, and because in distance 
intervals with fewer points it is less likely that outlying points occur . 
For example, in Figure 38 for liquid sludge, point number 15, an extreme 
outlier , is the only point representing a contract of less than 100 
cubic yards per year, so it was given little weight. Similarly, point 
number 18 was not very significant; whereas point number 22, at 20 
miles, was given a lot of weight since it was the only datum with a 
distance of more than 11 miles. 

Rigorous least-squares linear curve fits were calculated using 
a standard computer program*. In these calculations, the data points were 
not weighted according to the scarcity of points in a given distance 



* The on-line program MLREGR in the IBM 360/75 computing system at the 
University of Waterloo computing centre. 
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FIGURE 37. PLOTTED DATA AND CORRELATIONS FOR SOLID SLUDGE 
TRANSPORT COST 
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FIGURE 38. PLOTTED DATA AND CORRELATIONS FOR LIQUID SLUDGE TRANSPORT COST 
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FIGURE 39. EXPONENTIAL CURVE CORRELATIONS FOR TRANSPORT COST DATA 
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interval, but only according to the size of contract. The amount of 
weight used increased with sludge volume at a rate that decreased gra- 
dually as sludge volume increased, so that all data points with over 
70,000 cu/yd received the same weight, ten times as much as a point 
with only 1000 cu/yd. Some correlations were made which included the 
variables of solids concentration and spreading area (where applicable). 
In order to include, in these correlations, the partial information 
offered by points for which values of these additional variables were 
not given, such points had values estimated for them by a least-squares 
technique from points for which values were given. 

The resulting correlations are listed in Table 26. Those of 
direct use in the computer program ALL02 are those with unit cost (C/Q) 
versus distance (D) alone. The coefficients in these two rigorously 
calculated correlations for solids and liquid, respectively, are very 
close to those estimated by eye from the plotted points in Figures 37 
and 38 for the linear curve fits. However, the rigorous calculation 
yields the "standard error" and the "correlation coefficient" for 
each calculation, thus quantifying the quality of the correlation. 
The standard error measures the average deviation of the fitted curve 
from the data; the correlation coefficient measures the significance 
of the slope of the fitted curve. 

The inclusion of the variables, solids concentration arid 
spreading area (where applicable), apparently improves the correlations 
for unit cost very much; but there is a problem in interpreting the 
resulting coefficients, which are sometimes negative and sometimes positive, 
in the correlation itself. Again, in the correlations for total cost, 
although they seem alright from their standard errors and correlation 
coefficients, the great variability of the coefficients in the 
correlation suggest that the correlations cannot be trusted. How could 
a cost function have a fixed cost (the first coefficient in these 
correlations) that differs by a factor of five or more for different 
types of sludge? Or a marginal cost, for distance, that differs by a 
factor of five depending on whether the sludge will be spread on land 
or not? And how could negative coefficients be rationalized theoretically? 
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TABLE 26. CURVE FITS FOR TRANSPORT COST DATA 



UNIT COST 



SOLID SLUDGE 



C/Q = +1.0081 +0.1527D 

C/Q = -2.3366 +0.1101D +0. 1209S 

LIQUID SLUDGE 

C/Q = +0.9253 +O.0592D 

for data only for sludge spread on land: 
C/Q = +1.2308 -K).0725D -0.1044S + O.OOllA 

for data only for sludge not spread on land: 
C/Q = +0.3149 + 0.0140D +0.1545S 

TOTAL COST 

SOLID SLUDGE 

C = +138316 +14.438Q +1841. 42D -9489, BS 

LIQUID SLUDGE 

spread on land: 
C = +10702.2 +1.1481Q + 1428. 18D -4053. 9S +16.200A 

not spread on land: 
C = +4581 +0.5394Q +237.100D -338. 23S 



STANDARD 
ERROR 



0.673 
0.365 



0.479 

0.352 
0.642 



153 

4234 
3372 



CORREL 
COEF 



0.804 
0.950 



0.436 

0.654 
0.491 



0.9 

0.9 
0.9 



Notes: C = cost in dollars 

Q = quantity in cu/yd 

D = one-way distance in miles 

S = sludge total solids concentration, % by weight 

A = spreading area in acres 
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It is clear that the correlations could not reliably predict 
costs in all circumstances. The explanation for the inadequacy of the 
data probably lies in the local circumstances of each contract. Not 
only do sludge contractors allocate their costs in different ways, but 
the responsibility they undertake to find and manage disposal sites varies 
greatly. That is, if the destination is a land spreading site or landfill, 
part of the cost of the disposal facility may be passed into transport, 
especially if the facility is run by the sludge contractor or if the 
cost data that we collect originate from the plant where the sludge is 
picked up, where records might not keep ultimate disposal cost separate 
from haulage cost. In addition, a monopolistic factor sometimes affects 
transport costs. 

Fortunately, the correlations of unit cost versus distance 
are the most sensible-looking of the lot: they can probably give a 
quite realistic representation of the dependence of unit cost on distance 
under normal circumstances. 

III. 3 Facility Capital Costs 

Because of the wide range of local circumstances, it is very 
difficult to fit cost information from existing facilities into a useful 
correlation. The costs available sometimes include buildings and grounds, 
auxiliary equipment such as pumps and maintenance equipment, or they 
may not. Sometimes the size of the facility is based on capacity for 
continuous operating and sometimes not. However, some studies exist 
which have produced correlations of cost with facility size by the 
painstaking process of calculating engineering estimates for several 
different sizes of each type of facility. Such a study was reported 
in 1971 by Black and Veatch Consulting Engineers for the U.S. Environmental 
Protection Agency (Patterson and Banker, 1971). Assuming that local 
circumstances are most conservative, that is, there is no way in which 
costs can be cut, they have produced curves of capital cost, as well 
as operating and maintenance costs, versus facility size for most of 
the types of sludge facilities we are concerned with. These will be 
referred to here as the Black and Veatch (B & V) curves. By finding 
linear approximations to these curves one can obtain coefficients that 
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yield a dependence of facility costs on size in a quite realistic manner 
for normal circumstances. It must be borne in mind, though, that actual 
local circumstances could yield a cost 50% different from that calculated 
from a B & V curve. 

The adoption of the B & V curves required the addition of the 
cost of land and mobile eqiupment where this was significant. There- 
fore land cost was added to the correlation as a marginal unit cost per 
cu/yd/year for lagoons and drying beds , and the cost of one front-end 
loader was added to the correlation of capital cost into equivalent 
annual payments, and the correction of costs to Toronto, 1973, by the 
ENR construction index. Also, the B & V curves tend to use different 
units to measure the capacity of each type of facility (sq/ft, Ib/hr, 
etc.), and all these had to be converted to cu yd/yr or cu yd, as 
appropriate. In addition. Black and Veatch omit land spreading and 
landfill facilities, so costs for these must be built up from fundamentals, 

The assumptions made in order to perform this analysis were 
as follows: 

(1) 1 U.S. dollar = 1 Canadian dollar. 

(2) Facility amortization time = 25 years. 

(3) Interest rate on facilities and equipment = 7% per annum. 

(4) Land value = $50,000/acre (or about $1.15/sq ft). 
(This may seem rather high, but since the land is to be 
occupied by a facility for 25 years or more, and the land 
always rises in value faster than money, such land values 
as may be typical in the future should be chosen.) 

(5) Liquid sludge concentration = 5% dry solids. 

(6) Accumulation rate on lagoon bottom = 1/4 ft of 20% sludge 
per year. 

(7) Total depth of a lagoon = 8 ft. 

(8) Accumulation rate on drying bed = 5/6 ft of 30% sludge per 
year. This is equivalent to an application rate of nine 
applications per year, each 8 inches deep (Imhoff and 
Fair, 1956). 

(9) Drying bed equipment requirement (front-end loader) = 1 
unit per facility. 
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(10) Drying bed equipment cost = $20,000 per unit of equipment. 

(11) Hours of operation for processing plants (vacuum filters, 
centrifuges, incinerators) = 30 hr/wk, 52 wk/yr. 

(12) Vacuum filter yield = 8 lb wet solids/sq ft/hr, density 
0.8 tons/cu yd, 25% dry solid (Ontario, 1973). 

(13) Centrifuge yield = 23% dry solids. 

(14) Incinerator input density = 0.8 ton/cu yd. 

(15) Landfill maximum dumping (depth accumulation) rate = 1 yd/yr 

(16) Landfill equipment requirement (tractor-dozer) = 1 unit per 
10 acres with maximum dumping rate; minimum of 1 unit 

per facility. 

(17) Landfill equipment capital cost = $50,000 per unit of 
equipment. 

(18) Land spreading equipment requirement (tractor-tanker) = 1 
unit per 200 acres with maximum spreading rate; minimum of 
1 unit per four facilities. 

(19) Land spread maximum spreading rate = 133 cu/yd/yr per 
acre (from averaging OWRC 1970 data on landspread size 
and use) . 

(20) Land spread equipment capital cost = $80,000 per unit 
of equipment. 

(21) Land spread, landfill and drying bed equipment life and 
amortization time = 10 years, salvage value = 0. 

(22) Land cost allocated to land spread cost = 0. 

All assumptions were based on either concrete data or our 
interpretation of current practices. The calculations performed to 
obtain the capital cost functions are summarized below. 

1. Factor for converting January 1971 U.S. total construction costs to 
Toronto, September 1973, construction costs paid in equal annual 
installments over 25 years at an interest rate of 7Z per annum: 

ENR Toronto August 197 3 Index annual payment on 1 dollar 
ENR U.S. January 1971 Index ^ over 25 years @ 7% 

= Y5OO ^ ^-^^^ " . 103 
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2. Formula relating volume and concentration of sludge at input and 
output of a water removal process (e.g. settling in lagoons, fil- 
tering, centrifuging) : 

Solids input = Solids output, so 

QjS, = Q„S^ (13) 

where Q and Q are the sludge input and output, respectively, in 

terms of weight per unit time, and S^ and S are the fraction of 

1 o 

solids by weight in sludge input and output, respectively. 
Now sludge Volume = Dry Solids Volume + Water Volume, so 

SjQj (1 - S ) Q 
V = — '^^ + ~ (141 

Q W 

and 

S Q (1 - S ) Q 

where D and D are density of dry solids and water, respectively, 
and V and V are the sludge input and output, respectively, in 
terms of volume per unit time. Divide (15) by (14) to obtain 
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-^i 



1° = l^R • "S "o i,, (17) 

S Q 

From (13) we have o^o = 1. 

If we may make the reasonable assumption that 

2W « lo_ and 2" ^"^ II . (18) 

°c S^ Oc S^ 

So S X 
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then we have a good approximation 

V S fl - S ) 

_o = _i 9- . (19) 

V^ S (1 - S^) ' 
I o I 

D 
otherwise — may be approximated by some likely number, such as 1, 

in which case we have 

V (S + 1-S )/S S 

o _ o o o _ __L f20) 

3. Lagoon Area Requirement and land cost: 

Conversion from sludge volume input. Assumed accumulation rate on 
lagoon bottom is 1/4 ft/yr of sludge, 20% dry solids. Thus, lagoon 
output is effectively 1/4 cu ft/yr per square foot of lagoon area, 
or 1/108 cu/yd/yr per square foot of lagoon area. Assumed concentra- 
tion of sludge input is 5% dry solids. Thus, sludge input is ^Qg ^ 

20 X 95 , . , . 108 X 5 X 80 
^ ^^ cu yd/yr per sq ft. That is, area of lagoon is — 20 x 95 

22.74 sq ft per cu yd/yr of sludge input. Assumed land cost is 
$50,000/acre = $1.15/sq ft, which requires yearly payment of $0,099/ 
sq ft over 25 years at 7% interest. Thus, yearly cost of land for 
lagoon is $0,099 x 22.74 = $2.25 per cu yd/yr of sludge input. 

4. Lagoon Capacity: 

Conversion from lagoon volume to sludge volume input. 

From above, sludge input is 1/22.74 cu yd/yr per square foot of 

lagoon area. 

Assumed lagoon depth is 8 ft. 

Thus sludge input is .„ ^, r- = 0.0055 cu yd/yr per cubic foot of 

^ 22. 74 X 8 

lagoon volume, 

5. Drying Bed Area Requirement and land cost: 

Conversion from sludge volume input. Assumed application rate is nine 
applications per year, each of depth 8 inches. Thus, input is effec- 
tively 9 X 3/4 = 6.75 cu ft/yr per sq ft of area, or 1/4 cu yd/yr 
per sq ft of area. That is, 4 sq ft are required per cu yd/yr 
of sludge input. Drying bed land cost is $0.099/sq ft yearly, as 
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for lagoon land cost. Thus, yearly drying bed land cost is $0,099 x 
4 = $0,395 per cu yd/yr of sludge input. 

6. Drying Bed Mobile Equipment Cost: 

Assumed requirement is one front-end loader per facility at a cost 
of $20,000 spread over 10 years at 7% interest. Annual payment on 
$1 over 10 years at 7% is $0,142. Thus, annual cost of equipment 
is $0,142 X 20,000 = $2,840. 

7. Vacuum Filter Capacity: 

Conversion from area to sludge volume input. 

Assumed hours of operation is 30 hr/wk, 52 wk/yr or 1560 hr/yr. 
Assumed filter yield is 8 lb wet sludge/sq ft/hr, so 8 x 1560 = 
12480 lb wet sludge/sq ft/yr. Assumed density of filter output is 
0.8 tons/cu yd, so output is ^ ir— ,, = 7.8 cu yd/sq ft/yr. 

Assumed concentrations of input and output are 5% and 25% of dry 

25 X 95 
solids, respectively, so filter input is 7.8 x —= =-r- = 49.4 

cu yd/yr per sq ft, 

8. Centrifuge Capacity: 

Conversion from USGPM to sludge volume input. Assumed hours of 
operation is 30 hr/wk, 52 wk/yr or 93600 mln/yr. 
There are 202 USG per cu yd, so we have ■ ■ = 463 cu yd/yr 
per USGPM. 

9. Incinerator Capacity: 

Conversion from Ib/hr sludge volume input. Assumed hours of 

operation is 30 hr/wk, 52 wk/yr, or 1560 hr/yr. 

Assumed input density is 0.8 ton/cu yd. 

Thus sludge input is r— = 0. 975 cu yd/yr per Ib/hr. 

10. Landfill Area Requirement and Land Cost: 

Conversion from volume input. Assumed dumping (depth accumulation) 
rate is 1 yd/yr. Thus, 9 sq ft of land is required per cu yd/yr of 
input. As for all other facilities, land cost is assumed $0.099/sq ft 
yearly. Thus, annual landfill land cost is $0,099 x 9 = $0,891 per 
cu yd/yr of input. 

11. Landfill Mobile Equipment Requirement and Cost: 

Assumed requirement is 1 unit per 10 acres at dumping rate of 1 
yd/yr, with minimum of 1 unit per facility. This means a fixed 
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requirement of 1 unit plus a variable requirement of 1 unit per 

48A00 cu yd/yr input. 

Assumed equipment cost is $50,000, spread over 10 years at 7% which 

yields an annual pajonent of $7100 per unit. Thus, there is an annaul 

$7100 



fixed charge of $7100, plus an annual variable cost of 



48400 



$0,147 per cu yd/yr of input. 

12. Land Spreading Mobile Equipment Requirement and Cost: 

Assumed requirement is 1 unit per 200 acres with spreading rate of 
133 cu yd/yr per acre, with a minimum of 1 unit per four facilities. 
This means a fixed requirement of 1/4 unit, plus a variable require- 
ment of 1 unit per 26600 cu yd/yr of input. Assumed equipment 
cost is $80,000 per unit, spread over 10 years at 17, which yields 
an annual payment of $11360 per unit. Thus, there is an annual 

fixed charge of ^—r — = $2840, plus an annual variable cost of 

11360 

2^£QQ = $0,426 per cu yd/yr of input. 

13. Land Spreading Rate Data and Analysis: 

Data for 1970 from excerpt of OWRC report supplied by Ministry of 
Environment (Ontario, 1971) 



Place 


Area (acres) 


Volume spread 


I during 


cu yd 






the 


year (cu 


yd) 


per acre 


Midland 


10 




3000 




300 


Fergus 


80 




5000 




63 


Owen Sound 


500 




9000 




3^ 


North Bay 


75 




200 




1 


Burlington and 












Waterdown 


150 




9600 




m 


Orangeville 


200 




1500 




% 


Chatham 


50 




10000 




200 


Port Colborne 


120 




4000 




33 


South Peel 


1500 




300000 




tm 


Tillsonburg 


100 




4000 




m 


Richmond Hill 


50 




JL8000 




360 


TOTAL 


2835 


378000 


378000 

1 TT ni 







2835 
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Figures 41 to 46 show the Black and Veatch curves for con- 
struction costs converted to our time and units, and the fixed-charge 
linear curves we used to approximate them. It can be seen that fixed- 
charge linear curves can approximate the B & V curves quite well. 

On several of these graphs some points are shown which repre- 
sent cost information on actual existing or planned facilities in Ontario. 
It can be seen that some of these are quite close to the theoretical 
curve, while others are quite a bit lower. It is clear, therefore, 
that the local circumstances of each facility and the basis upon which 
costs are calculated must be taken into account for accurate cost 
calculations. The set of cost functions we have obtained, however, are 
internally consistent and sufficiently accurate to use for preliminary 
runs with the computer program ALL02. The capital cost coefficients and 
their breakdown are shown in Table 27. 

III. 4 Facility Operating and Maintenance Costs 

Operating costs include operations and maintenance labour, 
materials and supplies. Along with annual cost of capital, annual 
operating and maintenance costs make up the total annual cost. The 
same situation regarding original data exists here as in the previous 
section. Therefore, except for landfills and land spreads, just the 
1971 Black & Veatch calculations and estimates are used to obtain cost 
functions. Typical Toronto 1973 wage rates are used to convert annual 
man-hours into dollars, namely $3/hour for operations and $5/hour for 
maintenance ($6 for incinerators). The materials and supplies costs 
of Black and Veatch were brought up to date using the ENR index. Their 
throughput variables were all converted to cubic yards or cubic yards/year 
of sludge input. Operating costs are not given for landfills and land 
spreading so these were built up from fundamentals. 

The calculations performed for this analysis will now be 
summarized. 

1. Conversion from weight solids throughput to volume sludge input, 
for B & V curves for lagoons, drying beds, vacuum filters, and 
centrifuges: Assumed input concentration is 5Z dry solids by 
weight. Therefore, there are 20 tons sludge input per ton solids 
throughput. 
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40 



30 



Is 

^20 



=«= 



X 



10 







ANNUAL COST OF CAPITAL 
VERSUS 
LAGOON CAP/SCiTY 
(not including land) 




500 
X 1000 cu yd / yr 



1000 



FIGURE 41. ANNUAL COST OF CAPITAL VS. LAGOON CAPACITY 



50r 




10 
X 1000 cu yd 



FIGURE kl. ANNUAL COST OF CAPITAL VS. HOLDING TANK CAPACITY 
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50 

X 1000 cu yd / yr 



100 



FIGURE 43. ANNUAL COST OF CAPITAL VS. DRYING BED CAPACITY 



Note: 1 = Cavan Twp. (Obtained from Ministry of the Environment) 
2 = Oshawa (Obtained from City) 
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i^jin ■ 'f^ — ■ I'liBn-c- 



300 



o 



a> 



O 
O 

o 



200- 



100- 



ANNUAL COST OF CAPITAL 

VERSUS 
VACUUM RLTER CAPACITY 




100 200 

X 1000 cu yd / yr 



300 



FIGURE 4A. ANNUAL COST OF CAPITAL VS. VACUUM FILTER CAPACITY 



Notes: 1 = London, Greenway (Obtained from City) 

2 = Metro Toronto, Ashbridges Bay (Obtained from Ministry 
of the Environment) 
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150- 



i.100 
a. 



O 

o 
o 



50- 







ANNUAL COST OF CAPITAL 
VERSUS 
CENTRIFUGE CAPACITY 




100 200 

X 1000 cu yd /yr 



300 



400 



FIGURE 45. ANNUAL COST OF CAPITAL VS. CENTRIFUGE CAPACITY 



Note: 1 = Windsor, Little River (Obtained from Ministry of the 
Environment) 
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'■"- '•-•*-■ II I iMbii 



500 



u 3001- 

o 



ANNUAL COST OF CARTAL 
VERSUS 
INCINERATOR CAPACITY 
(multiple hearth) 




10 20 

X 1000 cu yd /yr 



30 



FIGURE 46. ANNUAL COST OF CAPITAL VS. INCINERATOR CAPACITY 



Note: 1 = London, Greenway (Obtained from City) 
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TABLE 27 . ANNUAL COST OF CAPITAL 





(B&V) 


Construction, 

Installed 

Equipment 


Mobile 
Equipment 


Land 


Total 




Fixed 
Charge 


Marginal 
($) Cost * 


Fixed Marginal 
Charge($) Cost* 


Marginal 
Cost* 


Fixed 
Charge ($) 


Marginal 
Cost* 


Lagoon 


6000 


0.0345 





2.25 


6000 


2.28 


Holding Tank 


7000 


2.25 








7000 


2.25 


Drying Bed 


1160 


0.41 


2840 


0.395 


4000 


0.805 


Vacuum Filter 


18000 


0.856 








18000 


0.856 


Centrifuge 


17000 


0.337 








17000 


0.337 


Incinerator 


75000 


17.6 








75000 


17.6 


Landfill 








7100 0.147 


0.891 


7100 


1.038 


Landspread 








2840 0.426 




1 


2840 


0.426 



* Dollars per cu yd/yr capacity, except for holding tank, which is dollars 
per cu yd capacity. 
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Assumed input density is 0.84 tons/cu yd (same as water). There- 
20 
0.84 



20 
fore, there are . = 23.9 cu yd sludge input per ton solids 



throughput. 

2. Conversion from weight solids throughput to volume sludge input 
for B & V curves for Incinerators: 

Assumed input concentration is 25% dry solids. Assumed input den- 
sity is 0,8 tons/cu yd. Therefore, there are -r—r = 5 cu yd sludge 
input per ton solids throughput. 

3. Landfill & M Costs: 

A fixed charge of $5000/yr is assumed for minimal excavations, 
surveying, etc. 

Balance of operating costs is allocated to mobile equipment (e.g. 
tractor-dozer or grader) operation man-hours. Assumed that each 
unit of equipment required by the landfill is operated 40 hr/wk, 
50 wk/yr or 2000 hr/yr at union wages for heavy equipment operator, 
e.g. $8/hr. As for capital costs, operating equipment requirement 

is 1 unit per 48400 cu yd/yr input. Thus, operating equipment 

. 2000 X $8 .^ ^, w . 

cost is — ,g.QQ — = $0.33 per cu yd/yr input. 

4. Land spreading & M Costs: 

Assumed annual fixed charge of $1000 for surveying, inspection and 
certification. 

Balance of operating cost is allocated to operation of mobile 
equipment (e.g. tractor-tanker). Assumed that each unit of equip- 
ment required by the land spreading is operated 10 hr/wk, 50 wk/yr 
or 500 hr/yr at union wages for heavy equipment operator, e.g. 
$8/hr. As for capital costs, operating equipment requirement is 1 

unit per 26600 cu yd/yr input. Thus, operating equipment cost is 

500 X $8 *^ . r-, . / . 

— ^^^QQ = $0,151 per cu yd/yr input. 

Since the B & V curves are not expected to be accurate in all 
circumstances, we have not spent any time on graphically fitting straight- 
line approximations to them. Rather, we have just picked two points 
from each of them and fitted straight lines to these points. The 
resulting cost coefficients and their breakdown are shown in Table 28. It 
appears that costs calculated from these coefficients may deviate from 



xm 
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TABLE 28. ANNUAL OPERATING & MAINTENANCE COST 

Coefficients for Fixed-Charge Linear Curves (inter- 
secting B & V curves at two points, if B & V curves 
are available). 






Facility Type; 
Volume Values 
at intersection 
with B 6t V curve 



Vf 



Operations 
La b our Cost 
Fixed; Marginal 
($) ($/unit*) 



Maintenance 
Labour Cost 
Fixed; Marginal 
($) ($/unit*) 



Materials & 
_Su£pI ies Cost 
Fixed; Marginal 
($) ($/unit*) 



Total Coat 

Fixed; Marginal 
($) ($/unit*) 



Lagoon 

240000, 24000 * 


150 


0,001 


300 


0.005 


4500 


0.232 


4950 


0.238 


Holding Tank 

10000, 1000 


1700 


0.447 


900 


0.529 


1150 


0.800 


3750 


1.776 


Drying Bed 

24000, 2400 


800 


0.336 


350 


0,309 


50 


0.098 


1200 


0.743 


Vacuum Filter 
240000, 24000 


4000 


0.109 


1100 


0.033 


7600 


0.490 


12700 


0.632 


Centrifuge 

240000, 24000 


3000 


0.075 


1200 


0.033 


6500 


0.465 


10700 


0.573 


Incinerator 

50000, 5000 


3900 


0.366 


3500 


0.386 


8750 


0.513 


16150 


1.265 


Landfill 





0.330 


5000 


0.0 





0.0 


5000 


0.330 


Landspread 





0.150 


1000 


0.0 





0.0 


1000 


0.150 


— — _ _ 



















Volume units are cu yd /yr of input, except in the case of the holding tank, which is cu yd of 

inventory. 



actual costs by a fair amount, as indicated from the following informa- 
tion obtained from the city of London, Ontario, for 1973: 

Fixed-Charge 
Facility cu yd Actual Cost Linear Curve 

Greenway Vacuum Filtration 300,000 $179,800 $202,300 
Pottersburg Vacuum Filtration 130,000 87,000 94,900 

Greenway Incineration 75,400 210,000 112,000 

Thus, it is important to consider local circumstances, where possible, 
when finding cost coefficients. However, the set of coefficients we 
have obtained is internally consistent and sufficiently realistic for 
preliminary runs with the computer program ALL02. 

m^-5 Processing Plant Parameters: Volume Reduction Ratios 

Use of the formula (Eqn. 19) derived in Section III. 3 and the 
assumed input and output concentrations results in the following volume 
reduction ratios: 

Drying bed 0.125 

Vacuum Filter 0.160 

Centrifuge 0.180 

Incinerator 0.25 

Since these ratios are entirely theoretical, they are probably slightly 
optimistic, that is lower than is found in practice. 
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APPENDIX IV 
INPUT DATA FORMAT FOR ALL02 



APPENDIX IV 
INPUT DATA FORMAT FOR ALL02 

It is necessary to have a good grasp of the discussion in 
Chapter 6, on the information required by the program, in order to use 
the following. The first part of this appendix contains a questionnaire 
that you should use as an aid to organize the Information that will be 
contained in the ALL02 data deck. The questionnaire is a suiranary of 
Chapter 6 specially designed so that by answering it you will automa- 
tically put all the information, required in the data deck, into the same 
order as it will occur in the data deck. This should make coding the 
data deck a simple matter. The second part of this appendix contains 
instructions on how to code a data deck by using the completed questionnaire, 
This coding can be done by anyone who is familiar with FORTRAN I/O 
formats; this need not be the same person who fills out the questionnaire, 
although some familiarity with the rest of this manual may be helpful 
to him. 

Sample data decks are shown at the end of this Appendix. 

IV. 1 How to Use the Questionnaire 

The questionnaire is shown as Table 29. Multiple copies should 
be made of the blank questionnaire so that for each run you can write 
directly into a blank copy. Additional copies of question 3 will be 
required for runs that contain more than one case of data. The question- 
naire shows question 3 only once, whereas you will need one copy of 
question 3 for each data case. You may also need to made up larger 
answer tables if those shown here do not have enough rows or columns for 
your model. 

All you have to do is answer the questions in order, skipping 
from one part of the questionnaire to another when instructed to do so. 

After some of the questions, references are given back to the 
main chapters of the manual to help you review the proper material in 
case you have difficulty answering the qiiestions. 
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TABLE 29. QUESTIONNAIRE FOR EASY CONSTRUCTION OF DAIA DECK OF AN ALL02 RUN 



1. Determining General Type of Input 

a) Is this run a continuation of a previous run which was abnormally 
terminated due to violation of time or output volume restric tions '^ 
(Yes or No) £f: 5.7.6 ] 



If "no", skip the rest of question 1 and begin question 2. 

b) Did the previous run, of which this run Is a continuation, c omple te 
a data dump which is available for input to this run? I 

(Yes or No) cf: 5.7.6, 6.1, 6.2.7 j | 

If "no" skip the rest of question 1 and begin question 2. 

c) What title should go on this data deck? It may consist of up to 
80 characters, including blanks. The first 4 characters must be 
"REST". 



d) How many combinations of facilities were to be explicitly entered 
for evaluation in the case of data being run at the time of ter- 
mination? That is, how was question 3 (n) answered for the 
terminated case in the previous run? cf: 5.7.3, 6.2.6 



If not zero, go directly from here to question 3 (r) to enter the 
rest of the facility combinations which the computer would be 
expecting after the data dump. 

e) If you do not want any other cases of data to be included in this 
run, then skip this question and go directly to question 4. 

What comment do you wish to appear in the data deck before the 

computer reads the title of the next case of data? It may consist 
of up to 80 characters, including blanks. The first 4 characters 
must not all be "=". 



Now skip question 2 and begin question 3. 
2. Information to Begin a New Run 



a) What title should go on this data deck? It may consist of up 

to 80 characters, including blanks. The first 4 characters must 
not be "REST". 
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b) How many sources are in the model for this run? 

cf: 5.2, 6.2 

c) How many summer de-il-end facilities are in the model? 

cf: 5.2, 6.2 

d ) How many all-year in termed iate facilities? 

cf: 5.2, 6.2 
a) How many all-year dead-end facilities? 
cf: 5.2, 6.2 

f) How many winter intermediate facilities? 

cf: 5.2, 6.2 

g) Wliat 4 character abbreviated names for the Jiources do you want 
in tlie computer printout? List them here on the solid lines in 
the order desired for numbering the sources : c^: 6. 2 



10 



h) What 4 character abbreviated names for the facilities do you want 

in the computer printout? List them here on the solid lines in tlie 
order desired for numbering the facilities. All summer dead-end 
facilities must come first, then all all-year intermediate, then 
all all-year dead-end, and finally all winter intermediate, cf: 6.2 



■% ;'? ^ f. i * 



10 

11 

12 

13 
14 
15 
16 
17 



* Si'' :*■ 



■i ,^' "*i '/f *■ 
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20 

n 

22 
23 
24 
25 
26 
ai 
28 
29 
30 



On the right hand dotted lines in (g) and (h) above, comments may 
be printed which will appear at the beginning of the computer 
printout along with the abbreviated names. For instance, it may 
be useful to have the full name of the source or facility appear 
beside its abbreviation; or comments regarding the type of model 
used in the run. 



i) Will any case of data in this run use trip lengths which the computer 
will initially calculate from x, y, coordinates for sources and 
facilities? That is, will the 3rd choice in question 3 (h) be 
chosen for any case of data in this run? (Yes or No) 
cf: 6.2.1, 6.2.5 



If "no", then skip the following questions (j) and (,k) and go 
directly to question 2 (1). 



j) What number should the computer multiply straight line distanc es by 
to estimate trip lengths? 
cf: 6.2.1, 6.2.5 



k) What X, y coordinates for the sources and facilities should be used 
to calculate straight line distances between points? List them 
below, in order corresponding to the numbers assigned in (g) and (h) above, 
cf: 6.2.1, 6.2.5 



Sources 



Facilities 



9 
10 



10 

m 
m 



21 

m 
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1) What maximum spread in total system cost interests you in the 

final set of best combinations for each case of data in this run? 

(That is, the maximum difference between highest and lowes t cos t.) 

cf: 5.7.2. 6.2.2 * 



m) What is the maximum number of near-optimal combinatioas you want to 
inspect, that is, how many sho Id be printed in the final set of 
best combinations for each case of data in this run? 
cf: 5.7.2, 6.2.2 



Information to Begin a New Data Case. 

cf: 3.2.6 
a) What is the title of this case of data (in BO characters or less, 
including blanks)? 



b) What is the annual production of each source? 
of the numbering of the sources. cf: 6.2.3 



List in the order 



10 



c) What is the size limit (in terms of input) and the ratio volume 
out/volume In for each facility? List in the order of the num- 
bering of the facilities. _cf: 5.3.1, 5.4, 6.2.3 

Facility Size Limit Volume Reduction Ratio 
1 . . 



u 

if 



- 'wr- 1 - ir~!--«w. . -^.,-it.-.*~-f -t-^j. i' 



r '.-.... -^...^.^^-..^^^^^ 



IS 

If 

m 
m 

m 



t? 



d) For each facility, what is the fixed capital cost (intercept on the 

vertical axis) and the variable capital cost (slope of the line) on 

a graph showing the increase of annual capital cost with size of the 

facility? List in the order of the numbering of the facilities. 

cf: 5.3, 6.2.3 
Facility Fixed Capital Cost (A ) Variable Capital Cost (g ) 

1 



3' 
'■%■ 
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11 



14 
1/ 

m 
n 



m 



e) For each facility, what is the fixed operating and maintenance cost 
(intercept on the vertical axis) and the variable operating and 
maintenance cost (slope of the line) on a graph showing the increase 
in annual operating and maintenance cost with the size of the 
facility? List in tlie order of the numbering of the facilities. 

cf: 5.3, 6.2.3 
FaTiIity Fixed & M Cost (A ) Variable & M Cost (b ) 
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4 
5 
6 

7 
■6 
9 
10 
11 
12 
13 
U 
IS 

u 

Is 

m 

20 

n 



m 
m 



f) Is there any all-year dead-end facility in the model which may be 
permitted to receive material directly from a source without Roing 
through an all-year intermediate facility? (Yes or No) 

cf: 6.2.4 

g) If there are any summer dead-end facilities, what fractio n of 
the year are these prohibited from use? 

cf: 5.2, 6.2.4 



h) In this data case, how will the transport data be entered? Check 
one of the following three alternatives, cf: 6.2.1, 6.2.5 

i. Transport cost for each point pair i will be enter ed di rectly 
as cost per unit volume C. 

ii. The computer will be expected to compute cost per unit volume 
for each point pair i from a formula a + b^ d^ where j and 
d will be entered for each point pair-'and a'^s and b's will 
be entered as haulage formulas preceding all the j 's an d d's. 



lii* . The computer will be expected to compute cost per unit volume 

for each point pair i from a formula a + b^^ t^ where ki will 
be entered for each point pair, t^ is the trip length calculated 
by the computer from co-ordinates given in question 2(j), and 
a*s and b's will be entered as haulage formulas p recedi ng all k's 



i) If the first alternative in (h) above was chosen, then skip this ques- 
tion and go on to question 3(j). 

What are the a's and b's of the haulage formulas? List up to nine 
different formulas, of: 6.2.1, 6.2.5 

Haulage formula 1: ^i ~ - ^i ~ — ■ — 



2: a^ = b^ = 

3: a3 = b3 = 

4: a^ = b^ = 

5: a^ = b3 = 

6: a^ = \ = 

T-- ^7 = "7 = 

8= ag = bg = 

9: a^ = . ^ = 



j) What are the values for j,k,c, or d from all sources to all facilities? 
Fill in the following table, extending it if necessary. If the first 
alternative in question 3(h) was chosen, ignore the spaces for i^ or k . 
If the 3rd alternative was chosen ignore the spaces for C^^ or d^^ If the 
answer to question 3(f) was "no", then any spaces for values from sources 
to all-year dead-end facilities can be left blank, cf,: 6.2.1, 6.2.5 
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1 

1 


From Source: 
To Facility 


1 


2 


3 


1 

4 5 


V* 




1 j or k 
C or d 















2 j or k 
C or d 














3 j or k 
C or d 










--- 




4 j or k 
C or d 










~~ --. 




5 j or k 
C or d 








1 

i 


— ! 




6 j or k 
C or d 








i 


1 
1 




7 j or k 
C or d 








I 

i 

i 


1 
1 








8 j or k 
C or d 


■ ■■ 






j 

r 


1 
\ 




9 j or k 
C or d 








t 
1 

1 


j 




10 j or k 
C or d 








1 






11 j or k 
C or d 








i 


I 




12 j or k 
C or d 








1 

f 






13 j or K 
C or d 






'1 




: 


[ 




14 j or k 
C or d 










' 


■ 




15 j or k 
C or d 






. 








lb j or k 
C or d 












17 j or k 
C or d 










■ 
— ■- - ■■■- -^ 




18 j or k 
C or d 
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19 j or k I 
C or d t 



20 j or k i 
C or d ! 



21 j or k 
C or d 

22 j or k 
C or d 



23 j or k 
C or d 



24 j or k 

C or d 



25 j or k 
C or d 



26 



j or k 

C or d 



27 



j or k 
C or d 



28 



j or k 
C or d 



29 j or k 
C or d 

30 j or k 
C or d 



k) Repeat 3(j) for values from all winter Intermediate facilities (in 
order of numbering across the table from left to right) to all 
summer dead-end facilities (in order of numbering down the side). 

l?rom Facility: 
jro Facility: 
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j or k : 
C or d ' 

. ... 




' 








■ 
j or k 

C or d ' 


■— -■- 










- 


j or k i 

C or d 1 

1 








■ 




jerk 
C or d 














j or k 
C or d 

i j or k 

1 C or d 










■ 

















1) Repeat 3(j) for values from all all-year intermediate facilities (in 
order of numbering across the table from left to right) to all all- 
year dead-end facilities (in order of numbering down the side). 

From Facility: y 

To Facility: 



I 












r 

r 

1 


j or k j 

C or d j 

1 

















j or k 
C or d 






j or k 

C or d 

j or k 
C or d 
























1 
1. 

it, 


j or k 
C or d 

j or k 
C or d 




... 




— 


— - 


- -— ^— — 


-— -— — 


! 




1 
1 


j or k 
C or d 
















j or k 
e or d 


1 


1 












j or k 
C or d 




! 

1 






j r k 
C or d 


■ 
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ra) 



n) 



o) 



P) 



q) 



r) 



What weight factor is to be used for this data case, in order to 
bias the optimization of winter distribution for or against the use 
of winter intermediate facilities (and thus for or against putting 
demand on summer dead-end facilities)? 
cf: 5.6.1. 6.2.3 



How many combinations of facilities will be explicitly entered in 
this case of data, implying that the computer must evaluate only 
these combinations? If none, implying that the computer must eva- 
luate all possible combinations of facilities, then say zer^ 
cf: 5.7.3, 6.2.6 



How often, in terms of the enumeration of facility combinations, 
should the computer print out the optimized distribution for facility 
combinations which will not necessarily end up in the final set of best 
combinations? For example, if you say 1. then every facility 
combination evaluated will have its optimized distribution printed 
out; if you say 2, then every second facility combination will have 
its optimized distribution printed out, etc. (Avoid a total of more 
than about 10 such printouts per data case.)' 
cf: 5.7.4, 6.2.7 



How often, in terms of the enumeration of facility combinations, 
should the computer dump data onto dataset iW2 in order to permit 
continuing the run in case it is abnormally terminated due to 
violation of time or output volume restrictions? (If you say N, 
the data dump will occur every Nth time a facility combination 
is evaluated, and a terminated run could be restarted withou^ 
re-evaluating more than n facility combinations). 
cf: 5.7.6, 6.2.7 



What is the largest total annual cost that the most inexpensive 
solution in the final set of best solutions could have, as a re- 
liably estimated up^^er limit? If no such upper bound is reliably 
known, then leave this space blank, 
cf: 6.2.8 



If question 3(n) was answered "zero", skip these instructions and go 
on to question 3(s). 

What combinations of facilities should the computer evaluate? List 
them here in the desired order of evaluation. For each combination, 
first give the number of facilities in the combination, and then 
list the facilities in the combination by their numbers as assigned 
in question 2 C h) . The facility numbers in a combination must be in 
increasing order. (If this question was arrived at directly irom 
question 1(d), then note that the combinations listed up to the 
last "data dump completed " statement in the printout of the previous 
run must not be repeated here - just enter as many combinations as 
the computer would expect after that point). 

cf: 5.7.3, 6.2.6, 5.7.6 



How many facilities 

in combination Facility numbers 



=» ■■• •■■ 



Now skip questions 3(s), (t), and (u) , and go on to 3(v). 

s) This question and the following 2 questions, (t) and (u) , are to be 

answered only if 3(n) was answered "zero". What facilities should be 
included in every combination when the computer generates all possible 
facility combinations for evaluation? List them here, indicating them 
by their numbers as assigned in question 2(h)- cJ: 5.7.5, 6.2.8 
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t) What pairs of facilities must jaat occur in any combination when the 

computer generates all possible facility combinations for evaluation? 
List them here, indicating them by their numbers as assigned in ques- 
tion 2(h). cf: 5.7.5, 6.2.8 

and must not both occur in the same combination 



u) How many facilities of each kind, as an upper limit, are worth looking 
at in a combination when the computer generates all possible facility 
combinations for evaluation? jcf: 5.7.5, 6.2.8 

Summer dead-end 

All-year in termed iate 

All-year dead-end 

Winter intermediate 



v) If this is the last case of data to be included in this run, skip this 
question and go on to question 4. 

What comment do you want to appear in the data deck at the end of this 
case of data? It may consist of up to 80 characters, including blanks 
The first 4 characters must not all be "=". 



Now begin question 3 again so as to fill out the data for the next case in 
this run. 



4. End of Ryn 

a) What comment do you want to appear in the data deck at the end of the 
last case of data? It may consist of up to 80 characters, including 
blanks. The first 4 characters must be "====". 



END OF QUESTIONNAIRE 
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IV. 2 How to Code the ALL02 Data Deck 

First, you should be aware of the general structure of the data 
deck, which will be one of the two types illustrated in Figure 47. This 
shows that the data deck consists of several smaller decks, whose more 
detailed structures are illustrated in Figures 48 through 51,, 

The choice of the overall configuration of the data deck is made 
in the questionnaire in question 1(a) and (b) . If either of these questions 
is answered "no", then the normal configuration (see Figure 47 (a)) is 
chosen; they must both be answered "yes" for the configuration in Figure 
47 (b) to be chosen, which we will refer to as the "restart configuration". 

IV . 2 , 1 Normal Configuration 

Refer to Figure 47(a). The title card of the data deck comes from 
question 2 of the questionnaire, along with the ALL02 Start Deck. Each case 
Start Deck and Case End card comes from a completed copy of question 3. The 
Run End card comes from question 4. Note that if there is only one case in 
the run, there will be no Case End card, only a Run End card. The details 
of the formats are shown in Table 30, For each card or group of cards the 
table shows the format in Its left-hand column and the method of obtaining 
entries from the questionnaire is shown in the righthand column. 

The formats are first described in terms of the number of cards 
required and the types of data fields on the cards. Then the FORTRAN 
format statement is given, as it actually occurs in the computer program, 
so that you can see the exact order and size of the data fields. For 
programming efficiency, some of the format statements are re-used in 
several places, with the result that sometimes data will not be read from 
all of the field which a format statement defines on a card. Since some 
computer systems perform data checks on each whole card before determining 
which of its fields are actually going to be used, it is good policy to 
leave unused fields blank. Avoid putting card labels or comments in unused 
fields, unless they consist of characters compatible with the data field 
type. Most of the formats include several "non-data" fields of type X 
which are intended to contain any card labels or comments. 
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(a) 



Title card 




Run 


Start 


deck 


Case 


Start 


deck 


Case 


End card 


Case 


Start 


deck 


Case 


End card 








Case 


Start 


deck 


Run 


End card 



(b) 



Title card 


Restart deck 


Case 


End card 


Case 


Start deck 


Case 


End card 


• 



Case Start deck 



Run End card 



FIGURE 47. OVERALL CONFIGURATION OF DATA DECKJ^ 

(a) Normal Configuration 

(b) Configuration with First Characters of Title 
Card = "REST" 
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w 



Number of sources and numbers of 
facilities of each kind 

Source name cards 



Facility name cards 



Facility coordinate cards 



Solution storage criteria 



Travelling factor ALPHA 



Source Coordinate cards 



Leave out if ALPHA 
less than 0.0001 



(b) 



Title card 



Source production cards 
Facility characteristic cards 



Indicator to permit all-year 
dead-end facilities to receive 
directly from sources; and 
the fraction WINTER 



Transport data mode I 






Haulage formula cards 






Transport data deck 


Weight factor 






IDEFIN, ARBOUT, IDUMP, 


c* 





IDEF deck (if IDEFIN greater 

than zero) 
or COMBEX deck (if IDEFIN = 0) 



Leave out if 
I = "ICST" 



rlCURE 48. CONFIGURATIONS OF START CARD DECKS 

(a) Run Start 

(b) Case Start 
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(a) 



For I = "IDST 



Haulage formula 


indicators 


with 


1st 


facility as 


destination 


Trip lengths wi 
Haclage formula 


th 1st 


faci 


Lity 


as destination 




indicators 


with 


2nd 


facility as 


destination 


Trip lengths wi 


th 2nd 


f aci 


Lity 


as destination 




• 















(b) 



For I = ICST" 



Unit transport costs with 1st facility as destination 
Unit transport costs with 2nd facility as destination 



(c) Neither of the above 



Haulage formula indicators with 1st facility as destination 



Haulage formula indicators with 2nd facility as destination 



(d) 



Data from all sources to all facilities 



Data from winter intermediate facilities to summer dead-end 
facilities 



Data from all-year intermediate facilities to all-year 
dead-end facilities 



FIGURE 49. CONFIGURATION OF TRANSPORT DATA DECK 

(a), (b) , (c), for the 3 Different Modes of Trans 

port data; 
(d) Overall Grouping of Data 



216 



1st 


facil 


Lty 


combination 


2nd 


facil 


Lty 


combination 


3rd 


facil 


Lty 


combination 








IDEFIN th 


facility combination 



FIGURE 50. TDEF CARD DECK 



Inclusion cards 



Inc 1 us i on end c ard 



Exclusion cards 



Exclusion end card 



MAXSIZ card 



FIGURE 51. COMBEX CARD DECK 
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TABLE 30. DATA FORMATS: NORMAL CONFIGURATION 
(see Figure 47 (a)) 



TITLE CARD 

One card containing 20 alphameric fields Use the answer to question 2(a). Be 
of 4 characters each. sure the first 4 characters on the 

Format (20A4). card are not "REST" 

RUN START DECK 
(see Figure 48 (a)) 

1. Number of sources and numbers of facilities of each kind 

One card containing 5 integer fields. Use the answers to question 2(b), (c), 

Format (5(7X,I3)), (d), (e) and (f) in that order. 

2. Source name cards 

Number of cards equal to NS = the answer to Use one line of the answer to question 
question 2(b), each card contiiining one 2(g) per card, with the line number in 
integer field and 19 alphameric fields. the integer field, the characters on the 
Format (12 ,2X, 19A4) . solid line in the first alphameric 

field, and the characters on the dotted 
line in the other 18 fields. 

3. Facility name cards 

Number of cards equal to NF = the sura of Use one line of the answer to question 
the answers to questions 2(c), (d), (e) 2(h) per card, 
and (f), each card coded the same way as 
for source name cards. 

4. Travelling factor ALPHA 

One card containing 7 real number fields. Leave blank or zero if question 2(i) is 
of which only the first one is used. answered "no"; otherwise enter the 

Format (lOX, 7F10. 6) . answer to question 2(j). In the latter 

case be sure the nuniier is at least 

0.0001. 

5. Source Coordinate cards 
(Leave out if ALPHA is blank or less than 0.0001) 

Number of cards equal to NS, each card Use the 2 numbers X and Y in one line 

containing 7 real number fields, of which of the answer to question 2(k), in the 

the first 2 are used. part titled "Sources", for each card. 
Format (lOX, 7F10. 6) . 

6. Facility coordinate cards 
(Leave out if ALPHA is blank or less than 0.0001) 

Number of cards equal to NF, each card Use the part of question 2(k) titled 
coded the same way as for source co- "Facilities", 

ordinate cards. 
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7. Solution storage criteria 

One card containing 3 integer fields, Use the answers to questions 2(1) and (m) . 
of which the first 2 are used. 
Format (2(5X, IlO) , lOX, 15) . 

CASE STAR! DECK 
(see Figure 48 (b) ) 

1. Title Card 

One card containing 20 alphameric Use the answer to question 3(a). 
fields of 4 characters each. 
Format (20A4). 

2. Source production cards 

As many cards as required for NS Use the answers to question 3(b). 

entries with 5 integer fields per 

card. 

Format (5(5X,I10)). 

3. Facility characteristics cards 

Number of cards equal to NF, each Obtain Che six entries on each card by combininj 
containing 3 integer and 3 real num- the corresponding lines in the answers to 
ber fields. questions 3(c), (d) and (e) , in this order 

Format (5X, I10,2(5X, I10,E10.0) , with the exception that the second number in 
5X,E10.0). 3(c) should go in the 6th field rather than 

the 2nd field. Thus the order of the 6 num- 
bers on a card, in terras of their labels in 
the questionnaire, should be "size Umit", 
"fixed capital cost," "variable capital cost", 
"fixed & M cost", "variable & M cost" and 
"volume reduction ratio". 

4. Indicator to permit all-year dead-end facilities to receive 
directly from sources; and the fraction WINTER 

One card containing one Integer and If the answer to question 3(f) is "yes" then 
one real number field. the first number should be one, otherwise zero. 

Format (5X, II , 14X,F10. 9) . For the number WINTER use 1.0 if the answer 

to either question 2(c) or (f) is zero; other- 
wise use the answer to question 3(g). Be sure 
WINTER is more than zero and not more than one. 

5. Transport data mode I 

One card containing 20 alphameric If the first box in question 3(h) is checked, 
fields of 4 characters each, of which enter the characters "ICST". If the second 
only the first field is used. box is checked, enter the characters "IDST". 

Format (20A4). If the third box is checked, enter any other 

characters or leave blank. 
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6. Haulage formula cards 
(Leave out if I = "ICST") 

One card plus as many cards as On the first card enter the number of lines 

required to enter the numbers In the used in the answer to question 3(i). In each 

answer to question 3(i), the first card 3-field combination (I5,2E10.0) on the other 

containing one integer field and the cards enter the line number and the pair of 

others containing 3 integer and 6 real numbers (a and b) in a line of the answer to 

number fields. question 3(i). 
Format (15/3 (15 ,2E10. 0)) . 

7. Transport data dec k 
(see Figure 49) 



If I = "ICST" : 

Number of cards equal to NF times 
the number of cards required to enter 
a line of the table in question 3(j) 

plus 
the answer to 2(c) times the number 
of cards required to enter a line of 
the table in question 3(k) 

plus 
the answer to 2(e) times the number of 
cards required to enter a line of 
the table in question 3(1). 
Each card contains 7 real number 
fields. 
Format (lOX, 7F10. 6) . 

If I = "IDST" : 

Number of cards equal to twice what 
it would be if I were equal to "ICST". 
Proceeding from one line of the ques- 
tionnaire answer tables to the next, 
you alternate between cards containing 
7 integer fields each and cards con- 
taining 7 real number fields each. 
Format (10X,7I10) alternating with 
Format ( lOX, 7F10. 6) . 



I = neither "ICST" nor "IDST ": 
Number of cards is the same as if I 
were equal to "ICST". Each card 
contains 7 integer fields. 
Format (10X,7I10). 



Enter the numbers in each line labelled "c or 
d" as it occurs in the tables in question 3(j), 
(k), and (1). These numbers are called unit 
transport costs or values of C. Enter all of 
one line before starting the next line, and 
start a new card with each new line. 
Be sure the number of lines used in question 
3(j) is NF, the number used in 3(k) is the 
answer to 2(c) and the number used in 3(1) is 
the answer to 2(e). Be sure the number of 
columns used in 3(j) is NS, the number used 
in 3(k) is the answer to 2(f) and the number 
used in 3(1) is the answer to 2(d). 



Enter the numbers in each line labelled "j or k" 
and"C or d" as it occurs in the tables in ques- 
tions 3(j), (k) and (1). Use cards with the 
integer format for each line labelled "j or k" ; 
these numbers are called haulage formula indi- 
cators or values of j. Use cards with the real 
number format for each line labelled"C or d"; 
these numbers are called trip lengths or values 
of d. Enter all of one line before starting 
the next line, and start a new card with each 
new line. The number of "j or t" lines used 
equals the number of "C or d" lines used. 
This and the number of columes used should 
be the same as if I were equal to "ICST", 

Enter the numbers in each line labelled "j or k" 
as it occurs in the tables in question 3(j),(k), 
(1). These numbers are called haulage formula 
indicators or values of k. The remaining instruc- 
tions are the same as if I were equal to "ICST", 
starting with "Enter all of one line before 
starting on the next line, etc." 



8. Weight factor 
One card containing 7 real number Use the answer to question 3(m). 
fields of which only the first one May be left blank if the answer to 2(c) 
is used. or (f) i^ 2ero. 

Format (10X,7F10.6) 
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9. 



One card containing 4 integer fields. 
Format (4(10X, 110)) . 



IDEFIN, ARBOUT, IDUMP, C* 

Use the answers to questions 3(n), (o) , (p), and 
(q). Be sure ARBOUT and IDUMP are more than 
zero. C* may be left blank. 



10. IDEF deck 



Number of cards as required to enter 
the lines of the answer to question 
3(r), starting a new card with each 
new line, e5.ch card containing 25 
integer fields . 
(Format (5X,25I3) 



(see Figure 50.) 
(Leave out if IDEFIN is zero) 

Enter all the numbers in each line of the answer 
to question 3(r). Be sure there are IDEFIN lines 
and in each line the number with the solid 
underscore equals the number of numbers on the 
dotted portion of the line. Be sure all num- 
bers are more than zero and not more than NF, 
and those on the dotted portion of the line 
occur in increasing order. 



II. CQMBEX deck 
(see Figure 51.) 
(Leave out if IDEFIN is more than zero) 



Inclusion cards and inclusion end card : 
Number of cards equal to one plus 
the number of numbers in the answer 
to question 3(s), each card containing 
5 integer fields of which only the 
first one is used. 
Format (5(7X,I3)). 

Exclusion cards and exclusion end card : 
Number of cards equal to one plus the 
number of lines in answer to question 
3(t), each card containing 5 integer 
fields of which the first 2 are used. 
Format (5(7X,I3)). 



Enter one number in question 3(s) on each 
card. The last card, called the "inclusion 
end" card, must have a zero entered or be 
left blank. Be sure the other cards contain 
numbers that are nwre than zero and not more 
than NF. 



Enter two numbers in question 3(C) on each 
card, one line per card. The last card, 
Called the 'Exclusion end"card, must have a 
zero entered or be left blank. Be sure the 
other cards contain numbers that are more 
than zero and not more than NF. 



MAZSIZ card : 

One card containing 5 integer fields 
of which the first 4 are used. 
Format (5(7X,I3)). 



Use the 4 answers to question 3(u) 



CASE END CARD 



One card containing 20 alphameric 
fields of 4 characters each, of which 
only the first field is used. 
Format (20A4) . 



Use the answer to question 3(v), entering data 
in all 20 fields as required. Except for the 
first field, this card may be considered a 
comment or marker for the Case Start deck. 
Be sure the first field does not contain the 
characters "====". 



One card containing 20 alphameric 
fields of 4 characters each, of which 
only the first field is used. 
Format (20A4). 



RUN END CARD 

Use the answer to question 4(a), entering data 
in all 20 fields as required. Except for 
the first field, this card may be considered 
comment or marker for the end of the whole 
deck. Be sure the first field contains the 
characters " •-===". 



end of Table 
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IV. 2. 2 Restart configuration 

Refer to Figure 47(b). The title card in f^^is configuration 
is different from that for the normal configuration: the first four 
characters must be "REST", as in "RESTART RUN B" . The title is obtained 
from question 1(c) of the questionnaire. The Restart Deck is explained 
below; the next card, the first Case End card, may be obtained from either 
question 1(e) or 3(v). From there, proceed as for the normal configura- 
tion. Note that if the run is only to finish the terminated case and 
not do any new case of data then the Restart Deck is followed immediately 
by a Run End card obtained from question A(a). 

The last complete data dump must reside on input file unit 
IR2. If this unit is defined by the block data or by the system control 
cards to be the same as the input unit IRl (usually the card reader), 
then the last complete data dump must be included in the Restart Deck 
as shown in Figure 52. Whether IR2 is the same as IRl or not, the last 
complete data dump is obtained from the output file written on unit IW2 
in the previous run which you are not restarting. Such a file is shown 
schematically in Figure 53, Each complete data dump is preceded by a 
card (or record) containing the word "RESTART" repeated several times, 
then followed by a card (or record) containing a statement giving the 
value of FACSET at which the data dump is completed. This same state- 
ment also appears in the IWl dataset (i.e. the printout). The data 
dumps contain no other cards with similar characters, so these "leading" 
and "trailing" cards make it easy to locate each completed data dump. 
Of course, they should be removed from around the last complete data 
dump when it is used as the IR2 dataset. 

If the answer to question 1(d) is more than zero, proceed with 
the IDEF Deck as for the normal configuration, using the answer to question 
3(r) to obtain the remainder of the IDEF Deck for inclusion in the 
Restart Deck, In this case, the number of lines used in question 3(r) 
will likely be less than IDEFIN (= the answer to question 1(d)), since 
it is only the remainder of the IDEF Deck, i.e. that part not read by 
the previous terminated run, that the Restart Dock requires. Then 
continue with the first Case End card from question 3(v) or else the 
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Last Complete Data Dump 



Remainder of IDEF Deck (if 
any) for terminated case to 
be continued 



leave out if IR2 # IRl 



FIGURE 52. RESTART DECK 



Notes: (1) "Last Complete Data Dump" must reside on input file unit IR2, 
It should be included here only if IR2 = IRl. The program 
knows whether IRl = IR2 from their definition in the block 
data. 

(2) If IDEFIN = in a terminated case being continued, then 

there is no IDEF Deck, or remainder therof, to be included 
here. 



Beginning of File 



RESTART RESTART RESTART RESTART RESTART 

First Complete Data Dump 
o* * * .V * DATA DUMP COMPLETED AT FACSET = nnnnn **^* 



RESTART RESTART RESTART RESTART RESTART 

Second Complete Data Dump 
o* * * * ^t DATA DUMP COMPLETED AT FACSET = nnnnn **** 



RESTART RESTART RESTART RESTART RESTART 

Last Complete Data Dump 
o* * * * * DATA DUMP COMPLETED AT FACSET = nnnnn**** 



RESTART RESTART RESTART RESTART RESTART 



Next Data Dump Incomplete 
(exists only if termination occurs during 
data dump) 



FIGURE 53. 



End of File 
OUTPUT FILE WRITTEN ON UNIT 1W2 
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Run End card from question 4(a) , as suitable, using formats as for the 
norinal configuration. 

If the answer to question 1(d) is zero, the Restart Deck will 
Contain no IDEF Deck. If, in addition, the last complete data dump is 
on an input unit different from IRl, the Restart Deck then does not 
really exist, i.e. no cards are put in for it. However, a Case End 
card is required, obtained from question 1(e) - Format (20A4); or, if 
there are no further cases in the run, a Run End card is used, as for 
the normal configuration. 

IV. 3 Data Deck Examples from the Niagara Stud y 

In this section four data decks are shown. They are basically 
very similar, with the following differences: the first three contain 
one data case whereas the fourth contains three data cases; the facility 
and transport data are the same in the first three, but changed in the 
fourth; the first two specify a single facility combination for evalua- 
tion whereas the second two demand a complete survey of all possible 
combinations; and the second is the same as the first except that a 
different method is used for entering the transport data. The first, 
third and fourth decks were actually used in the Niagara study, for runs 
number 1, 4 and 16, respectively. 

This section may be read in conjunction with the second section 
of Chapter 7, for a more thorough picture of the Niagara study. 

IV. 3.1 Run Number 1 

The input data deck for run no. 1 is shown in Table 31. 

The first card entitles the deck "Niagara Data Set Number Two -^ 
Using V. Red. Plants All Year". This was used on every data deck in these 
runs. It says that another set of data had been used before this one 
and that the present model contains volume reduction plants (drying 
lagoons, and vacuum filters) as all-year facilities. 

The second card gives the size of the model: six sources, 
eight summer dead-end facilities (land spreading sites), zero all-year 
intermediate facilities, 11 all-year dead-end facilities (the drying 
lagoons and vacuum filters with ultimate disposal assumed in their 
cost functions), and eight winter intermediate facilities (holding tanks). 
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TART.F 31. INPUT DATA FOR RUN IIUMBER 1 
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Then there are 33 cards giving abbreviated names for the sources 
and facilities along with explanatory comments. Then a card giving 
ALPHA the value zero, which tells the program there are no coordinates 
in the data and no case in the run requires trip lengths that it must 
calculate from coordinates. Then a card giving EPS the value 100000 
and MAXSOL the value 20. This is a relatively large value for EPS: the 
Intention was to obtain 20 solutions no matter how wide a range in cost 
they were. As it turned out, it could have been reduced by a factor of 
about ten without changing the results, and this would have speeded up 
the program's solution screening process. 

These 37 cards discussed so far were the same in every run in 
this study. 

Then the data case used in run no. 1 appears, beginning with 
a title card stating the year, since in every run with more than one 
case the year was sufficient to distinguish between different data cases. 
The cards giving the source outputs contain labels "sourl", "sour2", 
etc., standing for source no. 1, source no. 2, etc. Any other labels 
could also have been used, or they could have been left blank. The 
cards continuing the facility information also have labels': first the 
facility number, then "lim" for facility size limit then "cape" for 
capital cost coefficients, then "oamc" for operating and maintenance 
cost coefficients, and finally "vred" for volume reduction ratio. Such 
labels make the data deck quite meaningful for the user to read. 

Note that, although volume reduction ratios are entered for 
the drying lagoons, they are not used by the program since these facili- 
ties are being modelled as dead-end facilities. 

Next is a card giving LIQLF the value of 1, telling the program 
that the model includes transport links from sources directly to all- 
year dead-end facilities, and WINTER the value 0.5, telling the program 
that the suimner dead-end facilities cannot be used during one-half of 
the year. 

The transport cost information follows, beginning with a 
card giving the method by which the data are entered. The letters 
"IDST" tell the program that Method 2 is being used. This method was used 
in all these runs. Then there is a card giving the number of haulage 
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formulas as three, followed by a card giving the values of a and b for 
these haulage formulas. The transport cost information is completed 
with 86 cards giving haulage formula indicators and trip lengths for 
each transport link as required by Method 2. The decimal point in the 
trip lengths appears six places from the end. These data entries are 
all in the same arrangement as in Table 13 and Table 14. These 86 cards 
were the same in each of these runs and in every case in a run; for data 
modifications, only the card containing the haulage formulas was changed. 
The first 10 characters on each card are labels, not read by the program: 
"haul. form." for haulage formula indicator, and "dist.to.nn" for trip 
length to the facility to the given number nn. 

After the transport cost information, there is a card giving 
the weight factor the value -2 and a card saying that specific combina- 
tions of facilities to be given in the data should be evaluated (just one ) 
and that the optimized distribution should be printed out, before screen- 
ing, for every one of them. This card also indicates, by leaving off 
a third number, that no data dump for restarting the run is to be made. 

Finally, the facility combination to be evaluated is given, 
starting with the total number of facilities in the combination (all 27) . 
If more combinations were to be evaluated, they would also be specified 
here. A card beginning with the characters "====" then indicates that 
there are no other data cases in this run and the program should stop^ 

IV . 3 . 2 R un Number 1, illustrating alternate method 

For the sake of illustrating the difference. Table 32 shows 
the input data deck that would be required for run no. 1 if Method 1 was 
used to enter the transport cost information rather than Method 2. The 
method is indicated by a card with the letters "ICST" rather than "IDST" . 
There are no haulage formulas, and each haulage formula indicator and trip 
length is replaced by a single number giving the actual cost per gallon 
for the transport link. The decimal point in these numbers comes one 
place before the first digit shown. 

Thus, the transport information cards are cut by 50% in volume, 
but these 226 coefficients had to be calculated and with each data modi- 
fication, they would have to be recalculated. It is much easier to use 
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TABLE 32. RUN NUMBER 1 - ALTERNATE METHOD 
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haulage formulas and have the computer perform the calculations for 
each data case as required. 

IV. 3. 3 Run Number 4 

The input data deck for run no. 4 is shown in Table 33. it is 
the same as Table 31 (run no. 1) up until the card that gives the value 
of the weight factor. This value is now zero, as this was the best 
value found in runs 1, 2, and 3. The next card says that there are no 
facility combinations specified in the data; that every 300th facility 
combination generated by the program should have its optimized distribu- 
tion printed out before it is screened; and after evaluation of every 
1000th facility combination, a data dump should be made for possible 
restarting of the run. 

These last two numbers, ARBOUT and IDUMP, respectively, were 
chosen with the knowledge that there would be about 2000 facility combina- 
tions generated by the program. This estimate was obtained by calculating 
2 . where 27 is the total number of potential facilities and 16 is 
the number of them that, as they have zero fixed charge, are entered 
in the following cards so that they will be included in every combination. 
These cards are labelled "inc" and each one contains one facility number. 
The last of these "inc" cards contains the number zero to tell the program 
that this type of information has ended. Next, if it were applicable, 
would be information giving the facility pairs that should not exist in 
any combination. We like to label these cards "nobloc". A card with 
zeros in place of facility numbers tells the program to go on to the 
last data card. This last card contains the maximum values for the number 
of facilities of each kind that may exist in a combination of facilities. 
We use the value six for each of these, except when there are no facilities 
of the given type, since there are six sources. However, the "inc" 
cards here override these maximum values, except for the fourth type 
of facility (facilities 20 to 27, the holding tanks). 

Finally, a card beginning with "====" tells the program there 
are no more data cases in the run and it must stop. 
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TABLE 33. INPUT DATA FOR RUN NUMBER A 
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TABLE 33. (CONT'D) 
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IV , 3 . 4 Run Number 16 

To show the difference in an input data deck for a run with more 
than one case. Table 34 shows the deck for run no. 16. The 1974 data 
case in this deck may also be compared to that in Table 33 to see the 
difference made by data modification 1. 

It can be seen that, at the end of a data case, if another 
data case is to be used in the run, there is a card containing a comment 
indicating the end of the case without beginning with the characters 
"====". Then the next data case begins. 

The third to the sixth cards in the deck contain a comment 
regarding the data modification. Any such comments may be made on the 
right side of the "name abbreviation" cards and they will appear in 

the printout. 

The only difference between the 1974 data case here and that 
in Table 33 is the haulage formula card. The 1980 and 1990 data cases 
also have this different haulage formula card, and in each case the size 
limits on facilities 17 to 19 (the vacuum filters) are raised. 
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APPENDIX V 
DETAILS OF ALL02 

V.l Block Data 

The block data subprogram, as it appears in the listing in 
Appendix VI, is duplicated in Table 35. Its main purpose is to let 
the user define INF and the I/O file unit numbers IRl, IWl, IR2 and IW2 
without putting these in the input data deck, since they rarely change 
for a given user. 

TABLE 35. THE BLOCK DATA SUBPROGRAM IN ALL02 

6L0CK0ATA OM^yonoo 

COMMON/L*YDAT/NN(10) »IRl,IwltI«?.Iw?,ILPl(30),ILf'2C30),JLP(:in),ifP(,HPMOnno 

• P(3U),JOUr(^0),lH(e)/lNLAh(»/INLAHS(U3S)/'lNSMAH/lNSMiiS(l?_4)/ACti'Vbi;;,^"00nf) 
*/ACnNVS(yO)/HEALB/KEALS{731 )/LOUICR/Ln&ICS( lOay J C ■ lOOOO 

INTbGEHACONVS 08310000 

LOGICALinGICS Of^3?nnoo 

DATALOGICS/loau».r- ALSt . /, lNSMAS/ia3*0/, IMAR5/iy55*<i9q99<iq09/, ACnN08^llin(.(i 

• VS/UO*«HD ASH/, HEALS/ 7il •0.()/,IHl,Ivi],lHa,i«^/5,(,,a.9/,Ih//;-^ 3;.J , '.M 065tt^ . ■; - c 
*HCE ,«H STO,f*HRAGE/iiH TOfOHTAL ,4H*M T,iJHO LF/ Oh'.bOIKin 

€fMP f; 3 h " '1 



The subprogram also serves to store initial values in the 
data strings LOGICS, INSMAS, INLARS, ACON\'S and REALS, so that no part 
of them could be undefined when a data dump on unit IW2 occurs. Each of 
these strings is equivalent to a common block containing several variables 
used in the execution of the program. The block data subprogram initia- 
lizes all members of INLARS with the value desired for INT (see line 
08330000, where we have used the value 999999999). Since INF is a vari- 
able embedded in INLARS, it receives its definition in this way. Some 
other variables which must equal INF at the beginning of the execution 
are incidentally initialized in this way since they are also embedded 
in INLARS. 

The variables IRl, IWl, IR2 and IW2 are initialized explicitly 
and simply (see line 08340000, where we have used the values 5, 6, 8 and 
9, respectively) . 

The subprogram has one final purpose: to define the 3-element 
string IH which subroutine LAYOUT manipulates to form headings when print- 
ing out tables (see lines 08340000 and 08350000). This need never be 
modified by the user. 
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V. 2 Array Dimensions 

The dimensions of the following arrays will always be the same: 
main program - TITLE (20), MFCl (4), IH (8), MAXSTZ (4), MFC (4), COND (4); 
additional array in subroutine START - ISAY (18) ; additional array in 
subroutine LAYOUT - IH (20). 

The other arrays have dimensions that are dependent on the 
problem size. For brevity, let: 

s = number of sources 

f = number of facilities of all types 

e = number of summer dead-end facilities 

p = number of all-year intermediate facilities 

d = number of all-year dead-end facilities 

h = number of winter intermediate facilities 

u = s + h + e 

V = maximum of e or d + p 

t = maximum of s, h or p 

r = maximum of4tor2s+2f 

a = number of haulage formulas 

m = maximum number of solutions stored (=MAXSOL) 

Then the minimum dimensions of the other arrays are as follows: 
main program - 

W(r), OAMF(f), KF(f), JCOF(t), HAULF(a) llAULV(a) ; 

NL(uxv), INTG(u), LISTU(u), LS(uxv), INTR(v), LISTV(v), LSV(v). A(u) , B(v), 

C(u.v), X(u,v), KWC(u,v); 

ILPl(f), ILP2(f). JLP(f). LFPP(f), JOUT(f) 

NOTUSE(f), 0(m), UMINP(f), KMINP(f ) ; 

CONF(f), CAP(f), CTRANS(s,e). CTRANL(s,e), CTRANP(s,d), Q(s), IDSOL(m) , ZSOL(m), 

MTWO(f), BAR(f), OLDBARCf), KTRANS(s,f), KTRANP(s,d); 

NAVA (f), OLNAVA(f), IYP(f ) ; 

NAMSRC(s). NAMFAC(f); 

DISTNS(s,f), DISTNL(s.e), DISTNP(s,d), VRF.D(f); 

NOBLOC(fxf), INC(f), MSET(f), SUPF(f ) ; 

additional arrays in subroutine START - 

Y(A,t), XS(s). YS(s), XF(f), YF(f), OAMV(f), CONV(f ) . 
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Rolnted tv these dimension requirements arc the equivalence 
statements in subroutine START (see lines 08660000, 08670000). Those 
which depend on problem size are all concerned with the vector W, which 
is used in the program for the temporary storage of the matrix Y, and at 
another point for the two vectors CONV and OAMV, and at another point for 
the four vectors XS, YS, YF and YS. Care must be taken that the first 
f elements of CONV do not overlap with the first f elements of OAMV 
although these two vectors can be located anywhere within W. Similarly, 
overlapping must not occur among the first s elements of XS, the first 
s of YS, the first f of YF. and the first f of XF, although these four 
vectors can be located anywhere within W. 

The coincidence of the first element of Y with the first element 
of W is imperative for correct functioning of the program; this part of 
the equivalence statement must not be changed. 

V.3 The Scaling Routine 

The main purpose of the scaling routine is to ensure that the 
total system cost of every possible solution considered by the program 
Is less than INF. The total system cost referred to is that used inter- 
nally by the program. This may be much larger than the actual number 
because the program multiplies all distribution cost coefficients by 10 
so that it can handle them as integers. 

Let I = the total source production 

J = the maximum distribution cost coefficient after multi- 
plication by 10 
K = the sum of all facility fixed charges. 
Then the following is the upper bound used by the program for the internal 
total system cost of any solution: 

I J g; 

ISCUAN ^ ISCOEF "*" ISCUAN x ISCOEF x 10~^* ^^' 

where ISCUAN and ISCOEF are the factors by which sludge volumes and distri- 
bution cost coefficients, respectively, are scaled down. Thus, the following 
inequality is used by the program to determine ISCUAN and ISCOEF: 



im 



ISCUAN X ISCOEF > ^„^ ^ tn^- 7 (17) 

— INF X 10 

Two further considerations for the determination of these 

factors arise from the computations that occur in the program. The 

parameter WINTER is changed into the ratio of two integers, the second 

of which (the denomination) is called IWFAC . At one point in the program 

the cost coefficients and source outputs are multiplied by IWFAC . Thus , 

the following inequalities enter into the scaling routine: 

X >; J X IWFAC/INF (18) 

and Y >_ L x IWFAC/INF, (19) 

where L = the maximum source output. 

The number IWFAC is not preset in the program but is determined 
simultaneously with ISCUAN and ISCOEF. The objective is to get ISCUAN and 
ISCOEF as smiall and as nearly the same as possible ; but the smaller they 
are, the smaller IWFAC must be. It is desirable to have IWFAC at least 
100, and as large as possible up to about 100,000 so that WINTER can be 
accurately expressed in terms of a ratio of integers. 

Therefore, the scaling routine starts with IWFAC = 100,000 
and solves the above three inequalities (17, 18, and 19) so as to get 
ISCUAN and ISCOEF as small and as nearly the same as possible*; if 
they do not turn out to be small enough, IWFAC is decreased and the process 
is repeated. The criterion that determines when ISCUAN and ISCOEF are 
small enough is that both j/ ISCOEF and L/ISCUAN must be over 10,000; 
that is, the routine endeavours to obtain at least four significant 
digits in the scaled integers that the program works with. If, however, 
IWFAC has been decreased repeatedly without satisfying this criterion, 
so that its value has become less than 100, then the criterion is ignored 
and the current values of ISCUAN and ISCOEF are accepted. 

The final values of ISCUAN, ISCOEF and IWFAC are rounded up or 
down to obtain numbers that are integral powers of 10 in order to 
minimize the round-off errors that result from the computations involving 
them. 

The scaling routine, as shown in the listing in Appendix VI (see 
lines 1062000 to 1084000), is conservative in that it does not use INF but 



* In effect, the sum of ISCUAN and ISCOEF is minimized subject to the 
constraints imposed by the inequalities . 
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rather INF/10. This is done because, no matter how much a program is 
tested, there may yet be occasions when computations could produce over- 
flow. This safety factor could be removed, nevertheless, if the user 
so desired. 

V.4 Linear Programmin g 

Subroutine LINPRO is our FORTRAN version of the C.A.C.M. 
Algorithm 293, which is in Algol. This algorithm is a most efficiently 
programmed implementation of the primal-dual "transportation" algorithm 
of G. Hadley (Had ley , 1962). It uses lists of pointers to monitor the 
active elements of the sparse matrices involved. 

Subroutine LINPRO omits the operations by which the dual objec- 
tive function may be built up from zero, since weighted cost coefficients 
may often be used instead of the real coefficients for the optimization. 
The cost of the optimized solution is calculated in the main program 
using the real cost coefficients. 

V.5 Flowcharts 

Figures 54 to 57 give detailed flowcharts for all parts of ALL02 
except the very small subprograms which are easily understood without 
flowcharts. 

These charts are designed to give the reader a complete under- 
standing of the program when read in conjunction with the listing in 
Appendix VI . 
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FIGURE 54, t-IAIN PROGRAM FLOWCHART 
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FIGURE 55. SUBROUTINE START FLOWCHART 




Declare storage and names of variables. 



< 



KASCNT greater than zero 



> 



Read data to obtain the number o£ sources and the numbers of facilities 

of each kind in the complete list of facilities, and print these out. 

Execute tab setting routine to locate facilities of each kind in the 

complete list of facilities. 

Read data to obcain abbreviated names of sources and facilities, and 

print them out. 

Read data to obtain travelling factor ALPHA, and print it out. 



< 



I 



ALPHA less than or equal to zero 



> 



Read data to bbtaln coordinates of all sources and facilities. 
Calculate trip lengths between point pairs, using the travelling 
factor ALPHA, 



Read data to obtain EPS and MAXSOL, and print them out. 
Execute subroutine M2VEC to obtain vector of powers of two. 
Calculate N5ETS, the total number of combinations possible in Che 
complete list of facilities. 



Raise KASCNT by one. 

Read data to obtain title of data case, and print this out along with 
KASCNT. 

Read data to obtain production of sources and print this out. 
Find largest source and calculate sum of source production. 
Calculate arbitrary' size limit (K) for unlimited facilities, using 
function NOLIM. 

Read data to obtain facility size limits, costs, and volume reduction 
ratios. If size limit for a facility Is greater than K, sec it equal 
to K, 

Print ouc facility size limits, costs, and volume reduction ratios. 
Read data Co obcain Che indicator whether any distribution may be 
permitted directly from a source to an all-year dead-end facility, 
and in addition the fraction of the year when sunner dead-end facili- 
ties cannoC be used. 

Print out these latter 2 variables (L and WINTER, respectively). 
Consolidate the fixed costs and the variable costs of each facility, and 
calculate the total fixed cost of all the facilities. 
Read data to obtain indicator (I) of form of transport cost data. 



< 



1 = "ICST" 



> 



Read data to obCain number of haulage forrmlas and the coefficients 
In each formula, and print these out. 



Calculate distribution cost arrays, reading data to obtain indicator 

of which haulage foricula to use for each point pair (unless 1 = "ICST"), 

and reading data to obtain trip length (if I = "IDST") or unit transport 

cost (if I = "ICST") 

Simultaneously, print out distribution unit variable costs as they are 

obtained, multiply them by 10,000,000, and find the highest 

Execute scaling routine, using INT and the sura of source production, the 

sum of facility fixed costs, the size of the largest source and the largest 

distribution unit cost, thus calculating the scale factors ISCOEF, ISCUAN, 

IWFAC, and SCALE. 
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n.-'a?-g^-r^ -St'J - 'BW- -^'T^gn^TTj.'a 



Convert WINTER to p ratio of integers using IWFAC as the denominator. 

Read data to obt-^in weight factor and convert to a ratio o£ integers. 

Print out the scale factors and the ratios of integers for WINTCR 

and the weight factor. 

Divide facility size limits by ISCL'AN, 

Divide diotribution unit costs by ISCOEF. 

Divide production of sources by ISCUAN and multiply by WIN'T!ilR. 

Multiply all-year facility size limits by WINTER. 

Multiply facility fixed costs and EPS by SCALE. 

Read data to obtain IDtFIN, ARBOUT, IDUMP, AND C*. 




IDEFIN = 



Print message and 
IDEFIN and ARBOUT 




Print message and 
NSETS and ARBOUT 




IDL'MP greater than zero 



Set IDUMi' = INF 

11 



Prl 




C" greater than zero 



Int message and IDUMP 



Set C* 



INT 




Multiply C* by SCALE 



1 




i 






Set H* = INF 










Print out C* 
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as 'iDEFIN = O" is 


true or 


false 
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'false" 








Set NEXSET = ARBOUT and 


N EXP UN 


= IDUMP 








IDEFIN = 



> 



Execute routine to 
initialize CWSEK routine. 
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FIGURE 56. SUBROUTINE LINPRO FLOWCHART 



( BEGIN J 



Declare storage and names of variables. 

Raise LINCAL by one. 

Set X(I,J) = fot all I and J; that is, all flows are zero. 



Set tabs NLV(I) = N* (1 -1) for all I; that is, there are no zero 

dual constraints with J's listed in NL at this point. 

Set tabs LSV(J) = H* (J - 1) for all J; that is, no zero dual 

constraints with X(I,J) greater than zero have their I's listed in 

LS at this point. 

Set indicators LISTV(J) = 1 for all J; that is, no row J contains 

a zero constraint at this point. 

Set defect GD = 0. 

For each column 1: 

Reduce all dual constraints CC1,J) by the smallest value in 
the column so that at least that value becomes zero. List 
all dual constraints which become zero in NL, updating the 
tabs NLV appropriately. 

Also update LISTV, indicating rows J in which some dual con- 
straint is now zero by setting LISTV(J) »^ 

For each row J which contains no zero dual cons traint (that is, which 

has LISTV(J) *= 1): 

Reduce all dual constraints C(I,J) by the smallest value in 
the row so that at least that value becomes zero. List all 
constraints which become zero in NL, updating the tabs tJLV 
appropriately. 

For each column I, repeatedly reduce primal constraint A(I) and tt.en 
add to defect GD. The reductions of A(I) are obtained as follows; 
for each zero dual constraint C(I,J) in the column I with 
primal constraint B(J) not zero, set primal variable X(I,J) 
equal to the smaller of A(I) and B(J), and reduce A(I) and 
B(J) by this atrount. List I in the segment ol LS appropriate 
to J. Co on to next columai if A(I) becomes zero. 
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< 



GD - 



> 




Initialize R(J) = for all rows J (indicating them as "unlabel led") . 
Set G(I) = INF for all columns I with A(I) greater Chan zero and List 
these colutms in LISTU (indicating them as "labelled"). Set G(I) = 
for all other columns. 



In each labelled coluim I (stored in LISTU), look for a zero dual 
constraint (stored in NL) at the intersection of an unlabelled row 
(Indicated by R(J) =0). As each is found, record the row J in 
LISTV, and label the row by setting R(J) = I. 



< 



A row J is thus labelled which has B(J) greater than zero 



> 



Using the labels G and R, trace the path to row J back to its beginning 
(indicated by G(I) = INF), and superimpose upon it the maximum flow 
possible, thus increasing X on links in a forward direction and de- 
creasing X on links in a backward direction. Update A,B,GD and the List 
LS of zero dual constraints with X greater than zero. 



< 



No TOWS are labelled 



> 



In each labelled row (stored in LISTV), look for a zero dual constraint 
with X(I,J) greater than zero (stored in LS) at the intersection of an 
unlabelled column (Indicated by G(I) - 0). As each is found, record 
the column I in LISTU and label the column by setting G(l) = J. 



-< 



No columns are labelled 



> 



Find the smallest dual constraint C(I,J)over all the intersections of 
labelled columns and labelled rows and set H equal to this value. Simul- 
taneously, list unlabelled rows in the beginning of LISTV, and list 
labelled rows in the end of LISTV. 
For each column I: 

Reset NLV{I) = N*(I - 1); that is, there are no zero dual constraints 

with J's listed In NL at this point. 

For each labelled row J (listed in end of LISTV): 

Add H to C(I,J) if I is unlabelled (indicated by G(I) = 0). 
If C(I,J) is now zero, list J in NL and update NLV(I) 
accordingly. 
For each unlabelled row J (listed in beginning of LISTV): 
Subtract H from C(I,J) if I Is labelled (indicated by 
G(I) greater than zero). 

If C(I,J) is now zero, list J in NL and update NLV(I} 
accordingly. 



259 



FIGURE 57. SUBROUTINE LAYOUT FLOWCHART 




BEGIN 



Declare storage and variable names. 

Set LNBOL = 

Set LS(J) - for all facdicies J in Che facility combination 

Set MBLK = 5 or 7 as Si: "t V - "false" or "true". 



SUWER " "true" or there are no all-year 
facilities in the distribution pattern 




Divide distribution amounts for all-year facilities 
by the fraction WINTFF 



Set LNBLK = L-L^fBOL 



< 



LNBLK greater than ^ffiLK ^ 



J_ 



Set MORE = "false" 



Set MORE = "true" 



1 r\ LNBLK greater than 



> 



Set LNBLK = MBLK Set LNBLK = 8 



< 



SUMMER = "true" 



> 



Set all headings for distribution 
origins in current row as "SOURCE". 



Set first ISU>C''.R headings for distribution 
origins in current row (if not already printed 
out in previous rows) as "SOURCE" and the 
rest es "STORAGE". 



^ MORE = "true" V 



Set additional heading "TOTAL" on end of current row. 



SU^!^tER = "true" or thert: are no all-year intermediate 
facilities in the distribution pattern. 




I 



Set additioni^l heading "AM TO LF" on end of current row. 



Print cut headings for current row. 

Raise LNBOL by LrfflLK. 

Print out names ot source or facility distribution origins 
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t 

For each facility distribution destination J (when all-year dead-end 
facilitiuE are not permitted to receive directly from sources, these 
are omitted here); 

Print out ISCLAN" times distribution amount for each 
distribution origin and add to running total LS(J). 
If MORE is not "true", print out LS(J), and if in 
addition J is an all-year intermediate facility, 
print out the portion of LS(J) parsed on and the 
I.D. number of the all-year dead-end facility to 
which this goes , 



■<^ MORE = "true" \ 



SUMMER = "true" or there are no all-year dead-end facilities 
in facility combination or these are permitted to receive 
directly from sources. 



Print out running total LS(J) for 
each all-year dead-end facility J, 




NOTE: LNBLK is the number of source or facility distribution origins to be 
printed out in current row. 

L is the total number of such origins in the distribution pattern 
(excluding all-year dead-end facilities when these are not permitted 
to receive directly from sources). 
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ALL02 LISTING 



APPENDIX VI 
ALL02 LISTING 



Following is the complete listing of the ALL02 source program 
as used for the preparation of this manual. It compiles into 1000 lines 
of object code as produced by IBM's Fortran G compiler. 
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C MAIN PHriGMAM ALLO? OOOOVKHJ 

COMMON/SI AkTH/ALHHA, 7 1 TLf. ( ?0 ) , ^ ( H ) , Mf C 1 ( ^ ) , lU P- F MO ) , K M i 1 , JC Mf f (>0 f. I f ^' iJ 

*0),HAULF(4),HAULV(4) OOC^f.f'OO 

COHM|iN/LlNOAT/NL(i?0), lNT(;(lh),LlSTl)(U.),'JL V(l^),l ^{ i^OJ , IMIM^ni^OOn S.lf.fin 

COHMON/LArDAT/lSU'^MW.SUMr'FW,"PP0,ii (jO.mi ro,^-Lf 1 , ■■■! ^ 'j , "Ct". , "m t , '.f- ^^ i", .w- c r> n „ 
*»IW1» I-^I » rw?, !«?, ILPl £30), ILM?(^(, ), JLM(iij),L f t^i't V) , J-,;mI ( ioi , l..(*.liMj(,7,j.ifio 
t)IMtNSIONNOTuS£ (St> ),!■,( ^O),'!-- T'■^^^("SO},K^■I^.y( \M ) ri„OMn,,nn 

C0MM0fJ/lNL4Wh/NSTim,M;SMKk,l If-f U , n.'V . f-S 5 , r. S'i , ■.►•1^,nm1 ^.-.hTu, ■ P i>^ , i. n o y iic .1 
*NPF5,NPP4, l^^ .fJ.Si rs,fPS, IK PS. inef- iw,(.f xse: I, A^v^nnt .KAr.f.f- I , -f- >.= i. ,,-jf nunin.inn 
*R7 Ab,NSOL» MAXS'JL .CIJKMIK, Cin^MAX, (ILl'MAX , fMjM'S, Sii^'i. , 1 .. I ■■ r , i - I ^ I r', 1 rt"'.! 1 1 iiii(i 
*MM, I.ih AC, ISCUftN, IO^l^>H,CO^^" ( ^0),CAr>(30),CTt-A-Sf 1 ii, ^O t ,i;TwaM| (1 f. ,^N ),,,,i^,ir-i)i) 
*»CTPANP( lO.^fi) , lU 1 0) , inSl'L (PO) , ?SiU (^n ) , Ki «(i( ,^() 1 ,r.i-v ( ^n) ,ri| bi^ -^ h ( < (■ o u i i.^-ion 

• ),K7HANS( 10, 50) ,MUAr.P( in, ^0) ODl .H.>,Oi) 
C0MMCUj/lNSMAh/KA3f;M,NF,riS,NLS,NPf',Ni.t , N h 1 , ,« L .S I , f: L S 'v , *. P P 1 , '1 f ■ C '■ , ';| F(,iMS()n"n 

*l ,rjLrN,NHT uNHiN,sizt ,M.sw,'.rN,Li AM,kTAM, nA[,.,-irr,K,MiAM, T r yp,L^'Ax,(.('i"f'(-ao 

• MAXSIZ(i<)fNAVACiii),nLNAVA(iU),]Yf'(SO),M(-f(u) OUl 70)100 
COMMON/AC ON VH/N i-^5PC(10),W A MF AC (ill) 00] f- Oil 
COMHCN/HEALH/SCALt . 1 S T hS ( I , "40 ) , D I S T NL ( 1 , ? ) , ') I S T NP ( 1 n , ? ) . V PF D ( n i q o 

*^^^ oOfioiiroo 

COMhnN/LOGICH/LCTNL0,LCTMP0,MS0,NPP0,NLF0,NHTn, I Of F , S r U St T , S Af SM) ? 1 no 
*T,H7INC,LFINC,LSINC,PPINC.,1 SMTlN,PPLHN,LflO,L01, L n (i^^Mi i.O 

*PPN,LSCHTO,PCFOLl,HTSUHF,Lf SilPF,HltSSN,LFt-SSN,SI/F 1 , Nf- ,.S I / , ;W /- T Y , ,V SO i n 

*SNiNC,MOHE.ijYuuT,NnnLUC(400), I NC ( 40 ) , C (INC ( ij ) , r^sf-) ( 40 ) , supM ^ n ) iio;='inorn) 

INTLf.tHf:PS»AHHUUT,FA[:5M,CUKMlN,CllkMAX,flLI)^Ay,[>:lNPS,Sl(M.j,rnNF,CAPnO?bOfMU) 

• , C T k A h S , C T H A N L . C T F, A N P , (0 , 7 S n 1. , S I Z t , t< T A H , T A h , h M. , ( ) L rt A ^ , n L N A V A , I ' J S -- ? h I M ' 1 1 

*AS(1^3).l^LA4SClq4S),4CO^VS(UO),^ITLt ,UAMf ,CWIT,O,l)MINH.A,H.C,X,7.0l'^7O.>O0 
*ZF,UMlNI,UCiM,uJ,T,P OO^noOOO 

HtALPEALS(73U OO^qoono 

LUGlCALLClNLO,LCTNP0,'-fLSO,NPP0,NLFO,f^HTO, Il.'f FO.SlO.St T,5AFStT,MT TMCn(t40nnno 
*»IF I^'C,l.5]NC,PMlMC,LbHTlN,PPLF IN,L00,L01, LOOPPN.t SCO'iSlOUOO 

*HTO,PCFOL1 ,HTSUPF , LF Si iPF . HT E. S&n . L F F SSn. , b I /F 1 , nf '! S 1 ? , S I Z"-! T Y , S v I -'C , '-'0 3^ 
*ORE,NYOUT,M.)MLOC, I NC . C C)^^ , Mgp j , g^p^ 00 330000 

LUGlCALLnGlCSt 10?U),/^AT,^'l S0,MHF'n,MLF0,''HTn,-Xr;M0,5U^'"f W,MOTM.SF ,i-0.-4iiOfiOO 

*VinL,SVlOL ,SlJHVfcY,NE:KjUT ,MLSC,MPPC,'-'LFC,^HTC,^'l Sf'Jl .'-Hr.LF 1 ,Mi on 3^0(100 

tCJUIVALFNChttCTNL 0,LUr,IC,S(l )), (nSTuH, IfiL ARS( 11), f -^ A SC N T , I n^n AS ( 1 1100 W.(M-on 

*, {scAL.r,f^£ALS(i ) ), {ACi.Nvsc 1 ),NAMSHt;( n ) 0037(1000 

OAT Alt nD/UH = = = = /, iHhtST/yntVFST/ 0('3f OOon 

KF IX(P) = IF I K(0.b + '^) 

ISCCI)=KKl)i(FLUAT(n/SCALE ) 
CRIT=INF 

KfcAUCIRl ,b05)TITLE 
WHITE (Irtl ,600) 1 I TLK 
C OETEHMINE IF CONTlNUaTIPN OF PrfFVlULiS UVN 

IF(TITLt ( 1 ),MF .Ii'^FST )r,nTn{/l)0 7 OOuSOOOO 

CXXXXXXXxxxxxxxx)(xx)i)(xxxxxx^KXXXx>)(xx;()(Xxxxxxx)(Xxyxxxx*xxx)(Xxxxxxi(Xxxxyxooa(,nr,oo 
REAn{iR^,Hoo)Liir.ics 

hEAO( I«^, HOI JI-JSMAS 
REAU( IP2,H0?)I NLAWS 

REAn( iP?,Hoy )ariif.vs 

REAO(IP^,bOb)RtALS 



003^000 

iJ (' fi u 

OUa] 0000 

0iJ?(tO00 
00^30000 
OOilUOOoO 



00« 70O0O 
« f! n n 
OO'mnri oo 
onsooouo 
00s 1 000 
C X X X X X X X X X X X X X X X X X X X X X X < X X X X X X X X X X X X X X >: X X X X X X X X X X X « X X X X X y ^ X X X X X X X X X X K X X « r. (- ^ ^ ij 

OS son 00 



GOT01t>0 1 
0007 KASCNT=0 
OOOB CAt.LSTAHT 

IF (Il)f F0)GOTni613 

GOTOW.C? 
C***tl***<t*«****«ii****«* C ,, 5 7 c; 

OlfeO IF(NLTOUr)NEXStT=NtXSF. T + AfiBOUT 



U R V E Y 



«****«**«***t««***«* 



OOb'iooOi'; 

oossoooo 
noS6oooo 
Oo'_i ? fj n (I 
s H n ■ 1 

0S'» 000.0 



^ 
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lF(FACSET,LT.MFKPliN)GuT0l6ni 

WRITE tih^,eou 
WHITE (Ih<',HnoUnGIC5 
WRl TE ( Ir.^,8()l ) INSH^s 
WRITE ( 1^2, fio;^] iNLfif^S 
wKITfe { l^,^,HO-i ) ACC'.VS 
WHITE ( WVrHnhlRf ;.LS 
i^RITt (IiN?,HJ/)FAC.SRT 
WHITE ( Irtl r607](^ ACSE I 
NEXPilN = Nt X PUN* I nu"p 

CXXXXXXXXXXXXXXXXXXXXXXXXKX^XXXXXXXXXXXXKXXXXXXXX^XXXXXK 
1601 IK(IUtF0)GOTOU?0 

IFCEACSET .EU.KJtt- I N ) t,(j U) I (i 

ib02 HEAD(Ikl,',09)NFAC, (JiuaCJ), J=l , \f- AC) 

WRITE (Iv^Wb^S) (JOtJT(J), J = l ,NFAC) 
G0T0168 
C INITIAL SUbSET GE^EHAIItjG HDUTINE 

J613 IF (LSHT IN.UH.PPLF iN.Ow. (LFINC.ANIJ.LOI ))Grn 1616 

SIZMT Yr.f 4LSE . 
I6ia SNINC = .F ALSt , 
C SUBSET SWE RAISING «nuTlNE 
1617 IF (SI ZM] V )GUT(UO{)() 
MS1Z=SI7F 
MOHEsMSIZ.GT.O 
SIZE 1=H0HE 
SIZF=SIZt+l 
NFNS1Z = SIZE.E'J.nFn 
D0l6 1bl = l ,Nf-- 
BARd )=0LI1HAH(1) 
MSEFCI ) = .MLSE. 
NAVA( I )=OLNAVA (I ) 
1618 SUPE (I )z.FALSE. 
MFCd ) = fl 
MFt (2)=0 
MFC(5)=0 
HFC{il)=0 
NTAF3 = LTAH 
ITAB=RTAH 
OTAB=0 

HTSUPE = . FALSE, 
Lf-SUPE = ,f Al SE. 
SIZMTYr.TRUE. 
GOTOlb^U 
SNlNC=,THUt , 
GOTOlbS'J 

SUBSET GENEHATING ROUTINE 
IF (SNlNC)GUT016m 
IF (NFNSIZ)GOTni COO 
MSET(NTAH)=. FALSE. 
MFC(ITYP)=MFC( I TrP)-l 
IF(NTAB,GE.ITAH)G(iT0l6t]? 
NTAR=NT*B*1 

IF(NTAB.GT.HTAH.()H.KAVA(NTAH).LT.MSIZ)GGTtM6'iO 
IF(SUPF(NTAH))GnT()I:,?1 

IF(BAR(rJTAH),E'J,0)G0Tul6?U 
IFCLFESSN, ANO..NTAH.f'v.fLFN)GOUM6yO 
IF(NAVA£NTA4J.E(J,MSI2)GUTU16'40 
GOT016?! 
162a ITYP3lVH(NTAH) 



1616 

C NEW 
1620 



1621 



1622 
1623 



IMlf-O n (., DO 
<Alt)ixxX)lXXXXXX»^ nn», ] ,){'U0 

(u. u f f; n (I 
tj fi #1 s fw n 'I 

f>ri(,^,f, (■ M 
{•Oh ! I iKi n 

nOhHU'K] I! 

i; [ih'JC! ;,.)(' 
X » )i X x X y K K X X )■ < y X X u 7 n > 1 1' n 

00 7 1 iKififj 
^c* 0(1 0(1 
1) / ^(J (It) 
(J 7 'J ('('0 
('0 7S0OiU) 

7 h n n f) 

007 70 0(1(1 
0^^780(10 
740000 
OOtJOOOOO 

H 1 n 

(< ? (J 
H 5 
OU^ 'I 0(1 00 
OOH',0000 
OOH60000 

f^ 7 n 

y R (' 
OOHQnOOO 
0040OOOO 

w 1 n 'ui 
oo^f^nooo 

** ^ 
009^000 
0090000O 
9 6 (.1 
9 7 
9 8 
9 9 
1 (I 
1 (M (, n 
1 0?00(iO 
10 3 
1 f I ii 
10 50 
1 h U 
1 7 
I h r 
I 090(100 

1 1 ij 
01 1 loouo 

01 1 ^0000 
1 M f ) 
01 1 oponn 

1 1 S 

01 160000 
01 1 70000 
0118 
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in .LSI ^^ ) K^MTij ; h^i 



^ 



1 T YP.r.l- ,P)[.' JO l^^h 



1 ) . li T , . n(. . 'V T A h . I. T . '. L S N ) (, a T 1 1 1 h ^ .^ 



h 






IF (SI /F 1 K-ilTOlhr'S 
U" ( { n VP.t'J. 1 . AM,. .M T .MT ! '.C J 
*YP,lU. 3, AM',1 -"^np,:-. J ,1 w, ( ] y yi. ^^ ,j^a_fl.j;^ 

It- (Lf I ^t , L'" , .'.(I I .nT|- SS\. f - . "b I if ,'"*■ . 1 .1 

16(^6 "'FC ( I T YP )='F C ( I T IP) ♦ 1 

IFCLSCHio.np.HlSM.'r.i.M'.MK 
IM)! t>51SK = '.HT ) ,NM [-J 

Ib^lS StiPf {I- ) = . 1^'ut . 
H I S U I ' F = . 7 H 1 1 1 . 

IF ( .M'T .SUPf- C'jTy^ -nci TOl^i^ 
M^C(ITYP)=^^LCITv>-')-l 
GlIlOI baO 

16 5? I*- (^CF OL 1 .ti'v.L F S.M-F.(.-^,f-h C (?) .i;T . 0.nP.\T Ah.L T .f.PPNinOTfil h?(>S 

lU)lhi?bK = Mf 1 , 'JLF N 
1632S StJPF C^ 1 = . T-^MF , 

LF SUPF = . M<[jh . 

IF (.NOT .SUHF (NT AM) ]r,nunbc'hb 

HF C (I T YP) = MF C ( I I YP)- t 

NTAH = f-LFN 

n T t! I 6 (^ 5 
1626S MSt. T (M AM) = . rit'Uf . 

IF (fiTAH.L I . I T Ah)(,uTfJ \h^e 

I T A B = N T a H 

1 F { n A r^ , c 'J . 1 ) G T u 1 *i a e 

16?7 ITAIlrllArl-l 

IF ( ITAH.tU, 1 )U(,1 ',\b?h 

IF (MSE T ( n A.M ,1)1- . SiiPF ( 1 Tth) .Ot- . iNC ( IT AH) )3UTfJl^?/ 

I 6 2 B I K ( . N D T , M K F ) (U,i T ' 1 1 fc S a 
C RUILDIMi W(jUTI^-f 
lb29 J=NF*NrAh 

I=NF 

L = 

[)U1631K = 1 ,^F 

IF (NOBLOC (J) )r,(j70t630 

IF (hAPCI ) ,tiv.n)L=L + l 

HAfV(I)=HAf'(I) + l 
1650 1=1-1 

1F(L,GT,0,A\O.I.C,T,(J)'JAVA(I ) = NAvt(I )-L 
16 51 J = J - 1 

OTAH = fJTAH 
MSI 1 = ^512- I 

IFtNAVA(NrAM).LE,'^SW)GOTO]o(iO 
Myl(F = MSIZ.GI .0 
1655 i.FESSri=,fALSt. 

lF(HTINC.UW.«Fr(n.FQ.O.aw 

mFSSN = , 1 wu[ . 

IF (LF iNC.nR.'-^FC (^}.t g.n.OP 
LF f S5N=, Mue . 
IF{NS1 /.fc'J. UM AM = Nrp», 
GdTDlbai 
1650 IF(,N(U,M()kt)NTAH = NLFN 
Gdl iMb?l 
1635 M1ESSN=,F ALSt . 

IF (LF INC.O*J."l- C t^) ,f fj, 
LFtSSN=.TWt.if . 

If- (f<:il2.t'J,n):;IAM = \ppM 



'^FC[a).GT.0)GOTO!f,35 
^'FC(3) .GT.0)GOTU]h5y 



G^.r-FC (3) .G T .0)GnU)l 621 



1 1 -^ ( : r- n 

( I Tn 1 fT'.. ,;n 

*i 1 ^1 . 'in 
n 1 fV I . "-in 
123^'' JO 

1 p'yiicno 
1 ?6 0f>n 

(M r" 7 ri i". (*) U 
1 ;-• « n I 
(' 1 ?4no'io 

1 3 II 'V) DO 

01 31 r. ( .10 
0I3Pi'i'no 
n 1 ^ 3 n 
01 3'JfM'no ■ 
1 ^ 5 n 1 ■ '1 
i 3htw».)o 
1 W II 
1 3«iW'0 
1 3^0'ifl0 
1 '1 II rt fl 

I'J 1 1 ' 
1 u^rMino 

14301. '10 

1 tJi^O'in D 

1 u S ^' n 

01 (JhOfjOO 
1 u7 0.;no 

1 y HO 'JO 
I iJ40i> TO 
1 S (I D fl 
ISl'KMio 
01S20iM;0 
lS30nofl 

1 b y il 
OlSSOijOO 

ois*in()'io 

1 5 7 D n 

1 SHooan 
01 Sur)(MiO 
OlhOOC^o 
1 6 1 n 

oi^'pnnjo 
1 fi30oriii 

1 6U0()O0 
01650000 
1 6 6 l) 

I670nflp 
OU.f^OOOO 

1 fl ■-) n 
01 7 n n n 

1 7 1 ti n 

017 2 
173fi0'lfl 
1 7 a [; 
017 50 
1 7 6 n 
1 7 7 n n 
1 7 H u 
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■-•"■'''■^^^ — g— 



G0T016?1 
C BACKlkACklN(, RoiiTlht 

]bUO IF (NFt.Sll IGPTi'IOOO 
ItiUi lF(0TAH,Lr.LTflH)CnT0Ih]7 

MAH = CiT AH 

IFf I TAM.L T ,fn AH).vTfi^ = I TiH 
16U5 IF (^'SF T ('.■TaH ) )r.[iTri hgu 

IMMAH.fiQ.L 1afni.;M7(,lbl7 

NTAH=NIAH-1 

GOl 1 bU^ 

16aa j=NFkTAri 

M = P TAH 

r)0 1^<yH^- = NTA^l,wIA"1 

ir(,Nnr.Mst T CN) u;oi(ii()-J7 

MSt T (N ) = ,F ALSF . 

MSIZ=MSI/+1 

1=IYP(N) 

MFCCI)=MFCCI)-1 

L = 

I=NF 

D0l6y6K=l , nf 

lF(NnHLOC(J) )r,tiTuiba5 

HAPCI )=RAR( I )-l 
If(hAR{I) .LQ.0JL=L+1 



16«5 



1646 

16«7 
)6U8 



O.Ar.O.I.GT.O)NAVA(I)=NAVA(I)+L 



LF. ."5IZ)G0T0I6il? 



16il9 
I6b0 
16505 
1651 
16515 



1 = 1-1 

IF (L.GT 

J = J-1 

GOTUI 6U6 

J=J-NF 

N = f«j - 1 

()TAH = NTAB-1 

IF(NAVA(^JIAn) 

I TAB = kT Ai^ 

MORt = MSI/.(n ,,., 

IF ( ,NnT.HT,SijPF )(,(H(ll^u4 

It" (•■It-L ( n ,GT .0,(IR,r.T At'.L T 

IF ( .NOT .LFSiiPF Jf;nT0]63^ 

U (HF C (2) ,GI .O.UH.M Ao.L r 

HTSUPF =,F ALSF . 

()016505KrNH7 I ,NhTm 

SUPF (K}=. FALSE. 
GOTdl 6yv 
LFSIJPF = ,FALSF . 
001651Sk = nLF 1 , MFN 
SOPf- (K) = . FALSI. 
G T (M 6 i 3 
C JOUI TPANSLATION wnUTINE 
\b5ii iJiZMTYs.FALSt. 

IF{LSHI IN)r.uT01655 
C()M)(1 )=^FC(J).GT.O 
C(Ua)(y)=MF(:(l ) .GT.O 
IF (PPLF IN)G0Trilfa56 
C(1NI1(?)=MFC(5) ,G?.0 
C()NU(5)=L01 ,0K 
^i F A C = 
MFCl (1 )=0 
f^FCl (?)=0 
MFCl (^)=0 
HFCl (U)=0 
['016601 = 1 ^NF 



■■^LSN)nnT016SO 
NPPN)G(n [11651 



1655 



1656 



MFC (?),GT.O 



01740(100 

1 ^ (' n 
I H 1 n '1 
I'vnuoo 
i> 1 H^'ioon 

1 My on Oil 

(1 1 *'5(Mioa 
u 1 ^'*'a'l^o 
H< 7 n 1 , (1 
1 hjmi nrM) 
1 hy oijon 
1 vonnoo 
1 m n noo 

m(fO(itio 

019501)00 
1^*601100 

oiQ7'ioon 

1 S M (HI 
1 940000 

OP-UOonoo 
0^0 1 onoo 
n?o?ooao 

? ^ 

o?ouoooo 
o^osoooo 

o;'ciftOona 
oeo'/oono 

0^080 0(10 

0?09nono 
0?l onooo 
0?J 10000 

p ! ,j n n 

0^1 3f>O0il 
OPl'KKinn 

o?l5onoo 

0^160000 
0^1700-10 
O^lHddOO 
OPIPOOOO 
Or?aOOOOO 
0??1 0(100 
O^??00ii0 
O^PiOOOO 

C?PbbC.O() 
0??600QO 

0?;'7nono 
O^pfioono 

? 3 Ci n u 
,"' 3 1 

^ i 3 n 
? 3 U 1) 
02350000 

023 6 
0237000 
2 3 6 
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ibse 



1660 



c **• 
c 

166 



I6tJ 



171 



m 



17.^ 
17Jb 



K = J Yf ( I 1 

ir (MSf u n .Ilk. c i'jc. f I ) . Af.D.ci'M i^ n )r,(ir(ii '-sf 
Gtn 111 f.hi) 

NFAt = NF J-.C* I 

JUUT (Nf A( ) = 1 

Hf-Cl (►■ ) =-*f f I (" )♦ 1 

CUfJT I',. [ 

Mt.5 = "f fill) 

MH>' = MhC \ (?) 

Mil =''F C I ( ^) 

M H T r r' h C 1 ( i- ) 

GOIfll 7 iS 



Sl'-St T TSh t^.cT P'^ 



MPP = 

Mt_F=0 

MHT = 

J = l 

I F ( J U T ( J ) , (. T , N L S M G C KM 7 1 

MLS=Ml S*l 

IF (J.t Q.Nf AC}i;(iT(il7^ 

J = J+1 

IF" CJtujT ( J 3 .GI .NPPfOtiUTOl 7? 
Mpf' = MHPt 1 

IF (J.F O.nF AC )i;OTni 7i 

J = J*l 

U0TU171 

I F { J U T { J ) . G I , fJ L F" f J ) G n T (1 1 7 J 

MLF =MLF*1 

U (J.E-U.NF AC )(;U fi)l 75 

J = J+1 

GOTtJl 7^ 

MMT = NFAC-CNL5 + MPh' + fLf ) 

MLSO=MLS.EQ,0 

MLF = MLF .ElJ.O 

MPPnrMPP.FU.O 

MHTO=MhT .FQ.O 

HLS1=1 

IF(MLSO)MLS1=0 

H L S N = M I S 

MPP1=MLSN 

IF(,K(jT.MPP0)~^PH1=mlSN+1 

M (■* P N = M L S 'J ♦ M P P 

MLF 1=MPPN 

IFC,^(JT.MLFOJ^'LF l=fPPN+l 

M L F N = M P P N + M [, F 

IF ( .NOT .^hTO JnhT Ur-LFri* j 
MH1N=KFAC 



0I7a 
017' 



ir{STUSFT)G()TOI 7a 

FACSt r = F 4CSF T4 ! 

NE TOlM =F AC5tT ,t U.\e )fSt T 

SUKVLY=.NliT .NF rt'iJI 

IK (SliPVf r )GQTU(?7'y 

nKI Tt ( 1 «l ,6^o3^ AtSt T 

noi 7SI = I , NF AC 

NL ( I )=NA'-F AC (JOMT II)) 



Of? 11 1 Mdfii) 

0?(i')'"ii)nn 
(J ,> '4 ^- o ■ 1 ii n 

n?S 1 M.'Oi; 

0?^hf|(ln^ 
o?S7onf)o 
PS r* n fi 

OPS^iJUOO 

? (• 1 1 n () tM I 
o?fl oono 

1* h f" n 
0?fe5''ntOo 
ORt'i (' "0(1 
OP'>S(i HOT 

0?67onOA 

Oi?7iiono(i 

0?7 1 n 11(10 
0^7?ip'UlO 
U(?7ii)0iin 

oa7ynooo 
0?7S')nn(i 

? 7 h (1 
0?7 7(inOii 
0^780 il 00 
Oie7t*fiOon 

oanooono 
o?«l uooo 
0;?82()0lJn 
0?H50n(>o 
OPHuanrn 
O^HSoono 

0?f^f>OiiOO 

O^Myoijoo 
O^Mflouno 

O^vonnoo 
0^^l oono 
0?9?no()f) 

O^'* 'J 1)0 
0?9SOOO0 
0?'360( I'.O 

0^'i7ni)ari 

OP'JPOono 
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c;-.-i:-A-A-'l,.- 
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277 

278 
279 
280 



02fll 
C... 



ii:T ( J ) , ^ L (J J , ,1 = 1 ,«L5 J 
'i)T C J ) , Nl. C J) , J = "tJPl ."PPN) 
M. ( J 1 , J=^L^ 1 , M t M 
T ( J ) , M. ( J ) ,.I = 'Hl 1 , ^'HT^) 



NAT Hh USLf UL 



29U 



305 



30U 
305 



306 



MA 



IF(MLS0)f:,nTn?7S 

w«ITF ( 1 a1 , 7^.1 1 ) ( Ji 

IF (MPH0)t;0Tn^/7 

"RUt ( I^nI , 7b>V) ( Ji 

IF (MLFO )(^0Tl,V7M 

H«l M ( I«l , 7m)'j ) ( JIUiI (J ) 

IF ("HT I'.HTfV'^ 

HKI Tf ( I«l , 76IIS) f Ji 

ZF = 

Dn2etiJ=l , -JFAC 

zr = Zf- ♦crl^^ ( JiTuI ( J ) ) 

IF (NtTtuM )r,f^U'?h 1 

CHIl =C'^1 ■JPb-Z^ 

I F ( o n . L e . n ) i; u 1 1 1 1 ^, 

IF (SA^.St 1 H;(,.Ti)Al ^ 
,PIM) wHiCfi OF GIV^N ^AClL^ltS 

HPPC=MPP0 

IF (ML^ )^MHC = . H'Ul- , 

MLFC = f-Lf 

lF(HPPO.AND.LnO]MLFC = .Tf-Uf. 

MLSCsML SO 

IF (MHTO)MLSC = .TPUt . 

MHTC=MMl U 

IF (MLSO)MnTC = .TPUt . 

IFC.^CM,(MLSC.A^^^."PPC,A^O,HL^C,AM).^-HTC)3CiOTn?4^ 

IF (Nf TOUT ) aW I Tt { U 1 f 7707 ) 

GOT 1 60 
.ELI'^jNATt USf:LLSS FACILMIES ^ROM JOUT 

M=0 

N=0 

L=NF AC 

IF (MhTC.AND.^HTO.i'R. .NOT .PmTC.AN()..MiT ,MMTO)r,mn",i 

NF AC = NF AC -MHT 

MHT=0 

MHTO=.TKllt , 

MHT l = MMT ] - 1 

IF (MLf C . A^D.^-l.f 0.ii4, .NOT .MLFC . AND. .NOT .Ml.t- )(.! 

IF (MLFN.fr ij.Nf AC ]f;f'ICi50S 

K=HLFNt 1 

[)030ijJ = K,fjFAC 

JUUT ( J-MLI- )=JUIJT (J) 

NF AC = urAC-MLF 

MHT IzMHl 1-MLF 

HLF = 

MLF n=, 1 f^uE , 

MLF 1=HLF 1-1 

MLF NzMLF 1 

lF(MPPC.AND,MPH0,nW.,N0T,MPPC.ANU..N()T,MPPfl)GllTn5fiq 

IF(MpPN,Fu,NFAt;j[;i)[(,50H 

K = f-;PPN+ 1 

DU507J=K,NFAC 

JuuT ( j-KPp) = jniii (J) 

NFAt=^'F&C-Mpp 

MHT l=hMl 1-KPP 

H = M P P 

MPP = 

HPPO=,TRUt. 

HPPlsMPP I- 1 

MPPN=MPP1 

IF (MLSC, AND, HLSO. 'iW. .NOT .-^L SC .AND. .N(iT.-iL SO 100 TO^ 12 



T r i '"I h 



O^90<ionu 

USOOnudo 
50 1 Onno 
30^fj'..i)0 
50 ^m 1)0 
iOuD'ind 

\(ihf> ;if)n 
n307iinf,n 
(i5f]ftn 'i,i(, 
ii K 4 IT) no 
U 5 1 lUu} 

nil III.'* Oil 
fi5l?nuno 
051 5011 
ti 51 'ii'iTon 
051 SODdu 

051fi0iirKI 
5 t 7 (1 
031811000 

5 1 <> n n 
5?f00((0 
521 '10 
05220000 
5?5<w,M(j 

032^^11000 
052Siinon 

052^00110 
05270000 

052^0000 
()52900fM) 
5 500 '1 on 

551 ooor 

05520000 
3530000 
055'l"nfin 
fi5iS0'iun 
5 5 fc u 
03570 OOO 
i5H0Oon 
055901IO0 

05yoouon 
Oi^ionoo 

3 '4 2 '"i " 
5150 000 

05ua(>ooo 

5^50000 
3'JhOOOO 
5 'J 7 I) n 

5iiHno{:o 

5'J'^Oooo 
Oi'iOOOuO 

05S1 oonn 
03520000 
03550000 
5 5 (J 
5550 000 
055^0000 
03570000 
035W00O0 
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ilO 
511 



0312 



315 



iXU 



0515 



C 

0178 



0!80 



161 
016^ 

leici 
c. . , 

185 

16i4 



IF (MLSN.tU.NF tC )GrTfi31 1 

K=MLSN* 1 

Un510J = t\,Nf AC 

JOliT (J-'-'LS)=J.vjT [J] 

^^ AC=Nf 4C-^LS 

N = M L S 

MLS = 

MLSO=, TtJiJfc , 

MI.S1=0 

ML SN=0 

U (^^ iL .LN.L )(.r. I;i5n 

M H T f J = f. F A C 

M L f N = K L f- N - f-' 

HLF I=MLF1-M 

M p p rj = "' p p N - N 

HPP1=VPPI-N 

MtrjO = ''LFO,OP.LOO 
ML UH(J = ML'JO , A r^n , MMl 
MLStUl =ML.S.f_i;. 1 
I=MPf +MHT 

If- (LOn 1 = 1 +'^LF 
MPSLF 1 = 1. t'^, 1 
.rir;U FxCtSS CAPACITY 
K:hLSr:+l 
SHWCAP=0 
DOilUj=K/NF AC 

3UMCAp=su"CAP4rAP(jcui (J)) 

U (SUMij.LF ,SL.MCflP)ntiT(.iIS 
IF (N( TOUT J'-t^I TF { Ul , 770ti) 
GOlOlhO 

IF (S)iKvCY)t.UTni 7H 
I=ISC(ZF) 
HWITt (1^1 , 76I1H)I 
,ASSIt,N fHFAPtSI LF ^ i)>^ FACm PP 

IF c^HPO.ii^, .-^LFo, )r.nT(Mea 
nni ei i = mppi ,t^t>^u 

IP=JOUT(I ) 
I l = Id-NLSN 
UMINI = I rJF 

OU! HfiJrMLF 1 , ^-LFN 

J l=Jl'UT (J )-'.PP'- 

IF (K1PANP( ] 1 , Jl ) ,(;t .UMIfjl )GOT[il fto 

UMI NU^T^^ANPd 3 , Jl ) 

jHt ST=J 

CUM IMjt 

L F P P { I ) = J ', t 5 T 

J=JOUT ( JHF 5 r ) 

I F ( Nt T U i.i T ) i'. « I T f ( I - 1, 7 b n 7 ) 1 ^ . ■■•■ i ^ M, r ( I ? ) , J , ■, a -■ I- A C ( J ] 
Kn!NP( I ) = KF It (FLl'i.T (CT'iA'.C [ r 1 , J) J • vJt i)( I? ) } 
U^I UP C I 5=^^ I X (H Oi:. T {u^^I\I )*v'F n( la) ) 
U C't TOUT )r,f;Tn;')f* 
lHin'UlI = l ,\F AC 
nlJTUSL ( n = , T^Ut . 
, ASMl.N CmF APF ST [JFSMnAT lU'-S 

noi/-.u=i,Nf /.c 

K F ( , I ) = ij 
A( 1 )=0 



TC SOU-^CES f'r,R '■I'JTfP s>STt^ 
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oi6 0.1 1)0 

t) 5^ 1 ij'ioo 
u5/.;. 1; r. no 
i(.7M,no 

n i7 II !■ unO 

II J7 1 f' <HHi 

S7.^';0!)a 
i7ii''ii'". 
037'TU"!lfl 
u 5 /(iiUKlft 

n57 7 0'>on 
57f*.')'?(i0 
3 7«ori0i» 
3HOOnoo 
03"! iMi'iO 
5 H ? (1 n 

3 f' n (1 
3 F »j 1 1 n (1 
U3PhlMiilO 
3 f" 7 fi ( 1 , ) 
3f**M'''ii"iO 

3'^1 Odiio 
<q?n iin n 
0393u'i.l0 
SPUO tij 

03')s<i.-.'ia 

3'Jhu .'IlO 
() 3 '3 7 1 1 1 M 1 
39Har(io 

'■|39 4 '1 -|0 

oyoni'fii'io 

4010 -J 00 

O'J0?i'»oiin 
a 5 n n 
'1 « f I n 
y s r i"i 
oa06<)('Ofi 
'1 7 n n '! 
a H f ■ n 3 
u *J u [- 

OU 1 0(1 (1 iMl 

CM 1 (H'lilJ 
Uy lanllOG 
« 1 3 f > 
U 1 *i ■! 
'J 1 S 

iJ 1 h fi r.ii 
0^1 /dO'-n 

ti 1 P (t t) 
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Z;0 tmi 40000 

«viot = ,f- ALSf , 04?oo(i(in 

ISUMHK = O'i.'lOOOO 

001871=1 ,NS OJ??nuno 

U M I N ] = 1 'J ^ 'i ? 5 n 

IF (MF>PO )r,llTlj I -iS 1 umnOOOQ 

()018SJ = MPPl.'^'^f'N ()y^soooo 

ULTMzt^l FJANSl I , JIHM ( J ) ) tU^M NP( J) OU^hdfUiO 

U (LiCl M,(,t .i^-^IM )(.!)! 01 «S OU? 70000 

JrltST=J Oy^HOOOo 

UHlNIrUCTM 0'iP<;00OC 

0185 CUNT Ir.UF nu^dOOOO 
KMlNI=Cl'^ArgS(I,JULn[Jt'ESI))+KHlNPCJB£ST) OU.'. 10 000 

18SlIK{ML0H0)GnTni8hl Oy^?000 

L=MLf 1 Oy^^oooo 

IF(MLtJ0)L = MMTl O«^il000 

D016bJ = L»Nf-AC OUiSOOOO 

Jli^JOUT (J) 0«^60000 

UC1M = MHANS{I,JI) 0^170000 

IF{UCTM.GF,UMINl)G0TOte6 Qii^HOuOO 

JBESTsJ OUjqooOO 

UMlMsUC IM O^UOOOOO 

KMlNI=CTttANS(l#jn 0« '4 10000 

0186 CONTIMIF Oau?OnoO 
I661Z=2+U(I)*KMINI 0^030000 

IFCZ.GE.CHITlGOTOlbO OM ay 0000 

IFthVIUDGOTtUPba 0M«50000 

ojsKh (jBEST)+fHi ) oy^booon 

IF (OJ.LE.C6P(J0UT{JEifcST)))GO1018bl5 Oua 7000 

IF (MpSLf UGUTOlbO 0«y800(l0 

wviUL=,THUE, OayqooOO 

18615 Kf- (JhEST )='JJ 0«'jOOr;00 

NOTUSt (JHEST ) = . FALSE, 0U5 10 000 

IFCJHEST.LF , "PPN ) SQ 1 USF ( LE PP ( JBE S U ) = . F ALSE . O^jS^OOOO 

C JF JHEST IS NUT AN HI SKIP THE ADOITIUM TO SU'^lFK SOURCES Ou^^OOOO 

1862 IF (Jbf ST,LE.MLf-N)GUT[MH7 OaSUOOOO 

ISUMMH=1 tUSSOOOO 

A(I)=(Q(n*ISllMM+I„lNT2)/lWlKT O'lbhO'lOn 

187CUNTINUE Oi*S70000 

KWrZ OUb*^0000 

C,,,, .ASSIGN CHEAPEST LS EOH EACH HT ANU SOURCE ACTIVE IN SU-^iEK SYSTE^ oy^'^OOOO 

SVI0L=, FALSE. 0^600000 

^F(ISUM^^k.E|■3.fl)G0T0lQa 0^610000 

D0l89i=MHTi,fjfAC ouhpnnoo 

IF(KF(I ),LE.0)G0TU189 OUh 50000 

I1=J0UT(I) 016U00OO 

KF(I)=KFIK(FL0A7(KFCI) )*V»EU(11 )) 0O650O0 

II=I1-NlFN U0660000 

UMiNi=iNF oyfe70ono 

D01ft8J=I»MLS ou680nno 

UCTMsCTHANLdl.JOUl (J) ) Oah^OOOO 

IF(UCTM,r,£,UMlNi)G0TQ188 , OU700000 

JBFST=J 00710000 

UHUJI=UCTH OU7?0000 

188 CONTINUE 0U7iO000 

Z=ZtKF(I)*UHlNl ou7«oono 

IF(Z,GE,CRIT)G()T0160 Ua7b0n00 

JF(HVlOL.OH,SVlOL)r.OTU169 0076000 

OJ = RF(JBtST)+KMI) 00770 000 

IF tOJ.Lt.C*P(JUUTC JHEST) )) GOT 01 885 00780000 



a?i 



1905 

0191 
019(1 



IF (MLSEOl ,AM), .NOT . ^VIODGUTOlhO 

SVU1L=,TWUE, 
1685 f^f (JtiE ST )=i3J 

NUlUSt (JHFST ) = ,FAL5fc , 
lft9 CUMlNUt 

DU1**1 1 = 1 ^'tS 

IF IA(I) ,Lt .0)f.nTI,igi 

UMIM = INF 

t>Ul90J=l .^^LS 

UCTm = CTKAnS( I .jnilT ( J) ) 

IFCUCTM.GE .U"IM IGiUOl^O 

JhESTsJ 

UHINJrUCT^ 
0190 COUTINUt 

Z = Z*A( I )*U'^INI 

IF (Z.Gt.CWn X.itTCUbO 

U (hVlOL.OW,3VlCiLHUlTM9 1 

oj=kf (jetsT )-».w n 

IFlQJ.LE.CflP{JUUT{JhEST)))Gl.'TOiqOb 

IF (HLSEOl . AND, ,N(iT , *V10L JGOinibO 

SVlOLr.THUt. 

KF (JhtST)=f3J 

NOTUSE tJfiEST ) = . FALSE. 

CONT l^UE 

IF («VI0L)G0TU198 

IF(SVlOL,*ND..NOT,MLS0)GUT0 19Ufa 

Z=Z*ZF 

0010900 

UNCONSTRAlNEn fiPTlMlZATlCiN GAVf Z.LT.C«lNPS 
SUMKtH LIMITATIUNS. . .DO SPtCUL SETUP 
D014U9I = 1 ,MLS 
NOTUSt ( I ) = ,THUE , 
11=0 
T = 

00195I=1»nS 
QJ=A(I) 

IF(OJ.LE.0)GOTU195 
11=11+1 
A(I I )=0J 
T=1+QJ 

D01951J=1 »MLS 
J»=CTH*NS( I , JOUT (J 1 ) 
KwCd I, J)=J1 
1951 C(IWJ)=J1 

0195 CONT INUE 
D0196I=mmT 1 ,mhTn 
QJsKFd ) 
IF(QJ,LE.0)GnTni96 

11 = 1 l+l 
A(I 1 )=0J 
T=T+OJ 

JlxJOUT (I)-NLFN 
D01961J=1/'^LS 
ja=CT«ANL(Jl , JUUT(J)] 
KftCdl » J)=J2 
1961 C(1WJ)=J^ 

0196 CONTINUE 
Z=Kh*ZF 
GOTO^ia 

C... .UNCONSTRAINED OPTIHIZATIGN GAVE Z.LT.CMlr.PS 



C... 

c,.,. 

19titi 

I9a9 



AND f XCFFHED O'Jl > THF 
FUR LINPt^O ON .SIJMMt^^ SiSTE'''' 



HOT t X C f. r D E D ^ I N T F W 



jj f' 1 a n " -"i 

rn* h .i ci c 1 1 (1 
*j P f (.1 ■» 

li H a n ■*' <1 
u u "5 A I ' if 
fm4 1 {!-•;> 
u u Q ;^ n '" 
n y Q i ■I t^ 
14 '-J J ' 1 r"'^ 
nuoson TpO 

0«9 7')0rin 

oy9400'>o 
u s f: I"' n ri n 
5 1 n a () 

050?on(in 

5 i -1 n 1 1 

05CJ00nii 
050SO0f".i 

oSOhoniMi 

05070(1-5 1 
051 (U'lCiO'i 

osn oO'T) 

051 ^f^'Onn 
051 ^iiOun 
051 '-OOO'i 
o5isontMi 

051 hOO'J.' 

obWf^noo 
5 1 f > f) r " 
n b 1 4 n n 
oSfToonn 
05^1 nooo 

O5??0OO0 
05? 50 Olio 
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196 

2001 



0201 
202 



0205 
20U 



2041 
20«2 



0205 



0206 
2043 



.LIMITATIONS, ..DO SETUP FOM LINHRO ON wlMtK SYSTt" 
002001=1 »NS 
ILPl (I) = I 
lLP2t 1)=NAMSHC(1) 
*(I )=U{I 1 
OO2001 1=1 .NFiC 
NOTUSt (I ) = ,lkU&, 
H = N S ♦ I 

A(M)=SUMCAP-SUMU 
J1 = 

IF{MPH0)tiUTO?n2 
OOaOUs^-PPl , "'PPN 
J1=J1*1 
J2=J0UT (J) 
JLH(Jl )=J 
8{J1 )=CAP(J21 
UMINI=UMINPC J) 
KMINI=KMJNP( J) 
KWC (H, J 1 )=0 
CCM,J1 )=0 
DO201 1 = WNS 



DO201 1 = WNS 

Kwc(l,J^)=CT»ANS(I,J^)+KMIN; 

C(I,J1 )=KTRANS{I , J?)tUMlNl 
IF CMLOHO )GniO?0u 



K = MLF 1 
IF (MLOO)h=MHT 1 
00205J = K,NF AC 
Jl=Jl + l 
J2 = J01H (J) 
JLPCJl )=J 
B(J1 )=CAP(J2) 
KmC(M, Jl )=0 
C ( M , J n = 
D020iI=l,NS 



KWC (I , Jl )=CTHAnS( 1 ,J2) 

C(I, Jl )=KTWANS(I , Ja) 

N = J1 

IF(SuRVtV.0R.N.N.E,l)GOTO20a2 

KW = C 

D020m 1 = 1 , M 

X(I, 1 )=A(1) 

Krt = Kw + X(I , 1 )*KWC (1,1) 

B(l ) = 

GOTU20y3 

CALLLINPRO 

KM = 

D0?06J=1 ,N 

ZwATs.TRUE. 

002051=1 rNS 

IF(X{I, J).LE,n)G(nO?05 

KW=KK+K«C( Ir J)*X(I, J) 

IF(SUMVEY.ANO.Kw,GT.CRIT)G[JT01hO 

ZWAT=, FALSE. 

CONTINUE 

IFCZhAI )GOTu206 

K=JLP(J) 

N0TU3E(K)=. FALSE. 

IF(K,LE,MPPK)N01USF(LFPP(K))=,fALSf, 

CONTIMJE 

ZcZF*KW 



Obuoonno 

USUI OOOfl 

uSu?nnoo 
OSu^oonu 
(jSuiJOnd ii 
osijsoono 
b y b 
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b u fl n I) 

nsso (I iion 

Obbunonn 
050S0()(W) 

05S7f)000 

osSHoono 
oseooono 

0S61 OOOfl 

oSfaponno 
n^bionno 

OShqnoO(i 

ObhSnoon 

0S6 70 0(1 
OSfiHUOOO 

Obfi°0 I'ljO 
fi'S7fi0nn>i 

0571 0000 
057?000 
fi57i0 0iin 
5 7 a n 
057SOnno 
u 5 7 6 (1 
05770000 
05 760'! 00 
0S790O0 
0S80O0 0O 
5 R 1 n n 
osppnouo 

S P ^ (I 

05Ryoooo 

05850 00 
058^000 
IIS870000 
5 8 8(1000 
58^*0 
05^000 f)n 
05910n['0 
05420000 
059 30 
5QiiOOOO 
05950000 
05960000 
05970000 
05980000 
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IF tSUhVF Y JCUKl^Oaii 
SlIWMLkz.t- AlSF., 
CALLLAYOi.n 
I=ISC (K«] 
J=ISC(Z) 

'-wiiFd'.i./Mcn.j 

i'OUii IF { ,f.OT ,M,,[0 )UOT.i(^N7 

IF {Nt TOUT )^^V I Tt a--l , 7r>l 1 ) 
IF (SI fiSFT )i;(!TUl 1 'jO 
C;0 1(19 
C,,,..StTuM N(i* f^DH SU^"^f W SYSU" 
?07 11=0 

K = r, - M H T + 1 
1 = 

00^101=1 ,NS 
0J = 
D0?09J=K, N 

209 (Jj = ijjf y tl /.;) 

IF (fJJ.LE.O)(;uTOaiO 

11=11+1 

ILHI (I 1 ) = I 

ILP?(1 1 ) = NAMSkC(I ) 

(JJ-((Jj*ISUMM+IwlNT2)/Iwp)T 

*(I n=Qj 

T = T+{JJ 

D0^10]J=1 ,MLS 
J1=CTRANS(1, JUUTCJ] ) 
KKCdl, J)=Jl 
C(I 1, J)=J1 
CUMINut 

If c U .N't .0 )t;nT()3i 0? 

IF (Ne T(5U1 J-^^I TL Clwl , 7nl 1 ) 
IF (STUStT )',t)TOl I'JO 

GOTO^on 

ISUMMh-rl 1 
00^1 1 I=K,N 
J1=JUUT (JLP( I ) ) 

(JJ = KF ]X(M nAT(CaP(Jl )-X(M, I ) )*vt^tD(Jl )) 

IF ((iJ.tQ.O )GOTuai 1 

11=11+1 

ILPl (11 )=J1 

ILP^d 1 )=NArtFAC t Jl ) 

A(I 1)={JJ 

T=T*QJ 

J?=Jl-NLFN 

D021 1 ]J=l ,^LS 

Jl=CTKaNL(J?, JOUT (J) ) 

KbC (I 1 , J)=J1 

?: 1 1 c CI I , j)=ji 

0?11 CUMlNUt 

H=I l + l 

D0^1.U=1 ,ML5 
JLP(J)=J 

(4J = CAP (.lOUT (J) ) 
C(h,J)=0 

M(j) = f;j 

K^C(K, J)=0 
215 P = P + (JJ 

IF (T ,IE.P)G0T02151 



2101 
0210 



2102 



0'399onoo 
OhOnO(p(i;i 

0^0 I nonn 
h ? n n 
Ohii 5'i n 1)0 

h i] U '"> <1 f) 

'if,!isiono 
0(>0^ n (If) [) 
060 Miiiilo 

(KiOPffMlf 

OMI9O(!0ii 
CM OO'i rii) 
061 1 oonu 
06 120 0110 
061300(10 

061 yonoo 

06 1 5) (1 00 n 
6 1 6 (t 
617 c- 
061 POOOO 
06 1 40000 

06?oonoo 

06?10000 
iib'^PQOOO 
062^000 
(ir^pu 0000 

062bonoo 

06260000 

06270 r» 00 

6 ? P f> 

n6f><vooo(j 

06500000 
0651 POO 
0^320000 
6 5 50 0(1 
O6 5«0000 
065^0000 
0656 000 
6 5 7 

06 5flonoo 

06590000 
6 11 (1 

6 a 1 (1 

OcO^OOOO 
6^50000 
6 « 'i 

06yboooo 

6 (1 6 
06^70000 
ti U p 
619 
0650000 
06b 1000 
06S20000 
Of^SiOOOO 
06b000i.i0 
06SSUOOO 
06^60000 

6S70')no 
OhbPonoo 
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N0SMMR=N0SMMH+1 
lF(NkTt)llT)NHITL(I^l,77 09) 

If-(SURVEY)i%HlTE(l^l ,712) CJutIT (J), J=l ,NFAC) 
GOTO160 

IF<SOWVt Y)CWITiC»IT-K« 

N3MLS 

IF(N.NE.l )GnT021i3 

0U213ai=l»M 

x(i , n=* (I ) 
21 j2 K.^ = Kw-f x(i, n*c(i , n 

H(l ) = 

G0Tn?i3a 

?1 33 CALLLINPHO 
L=H-l 
KK = 
00215J=1,N 

ZinAT=,TRUE, 

D021ii5I = l,L 

1F(X(I, J),LE.0]G0TU21il5 

KN = Kk + K«C (IfJ)*J((I,J) 

IF(SUHVEY.ANO.Kh.GT.CRIT)GOT01bO 

ZhAT=, FALSE. 
Z1H5 CONTINUE 

NOTllSE(JLP(J))=Z»vAT 
21S CONTINUE 
213^1 Z = Z+Kw 

IF (SOWVEY)GOTn9001 

hRUEdrtl , ?6li) 

SUMMER=, IHUE. 

CALLLAYOUT 

I=ISC(K^) 

J=ISC(2) 

WRITE(lw:,7bt5)I» J 

If (STOSfcTJGOTDl U'O 
090 IF (SUHvEY )r,m 0901)1 

I F ( Z . G T . C M I N p S ) G U UM b 

C A SUBSET HAS tiEEN FuUNO TO GIVE Z.LT.CMInPS «ITh1M ALL LIMIT 

C FIHST CHECK TO SEE If SOLUTION IS ALREAQY STORED 
C CONSTRUCT CODE NUMHfH FOR SUbSET 
9001 M=0 

K=l 

009003.1=1 »NF 

IF(JOUT (K) ,NE.J)GnTO9003 

IF(NOTUSE(K) )GOTO9002 

M = M*hT*».0( J) • 

9002 K=K+1 

IF (K.GT ,NFAC )GOTU900a 

9003 CONTINUE 

900a IF (NSOL.tO.O)GOT090U9 
00900'3l = l »NSOL 
U (IDSOL(n,NE,f^)GOT090 0S 
IF (NETOUT)WRITE (1^1,7616) 
GOTOlbO 
CONTINUE 



9005 
C 
9009 



STORE ROUTINE 



NSTOf^ = NST0R+l 
IF{Z.GE,CURMIN)GOTOQ01 



06S90000 


ObbflOOUO 


06b 1 000 


0bh2P00O 


0b^500.li) 


ObbUOOOO 


ObbSOOOO 


Obbbooon 


b b 7 


ObbPOOOO 


06690000 


U6 70UOO0 


6 7 10 


067200110 


Ob7300u0 


b 7 y n f 1 


067SnO(iO 


06760000 


O677OOO0 


06780000 


06790000 


06600000 


ObHiOOOO 


06B?0000 


06830000 


ObftyOOOO 


O6HS0000 


ObSbOOOO 


06f*700n0 


06HPO000 


066900 


069 00 


6910000 


069?0000 


06930000 


069110000 


O6950OO0 


06960 0^^0 


*»**ii*0b97000 


ATIONS069hO0iU) 


06990000 


070001) 00 


07 010 


07020000 


0705000 


070U0000 


07050000 


07060000 


07 70000 


070600 


07090000 


07100000 


071 10000 


07120000 


071 50000 


07)^0000 


7 15 


7 1 6 


07170000 


07180000 
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CURMlNzZ 
CMlNPS=?+ItPS 

IF (OLOMAX. til. C'^lNf'SJNVOUTr. FALSE. 
901 IP(NSOL.EfJ,MAx3UL)G01U'J05 

N3UL=NSaL*l 

2S0L (NSOL J=Z 

ID50L (nSOL)=^ 

GOT at* OS 
903 U(2,Gf. ,CU'<M4X)G(JT0160 

OLOwAX=CUHMAX 

ZStiL(LMAX)=Z 

lUSUL CL-^AX 1=M 

IF C0L0Mix.LT,c■^I^^^5)^¥^)UT = .Tf<l t. 
90S CUhMAXsCUf^HlN 

D0906L=l , NSOL 

IF(ZSt'L(L).LF,CiiW^AX)G0TU9ub 

CUHMAX=ZSOL(L) 

LMA)f = L 

CONTINUE 



906 
C 

GOT0160 



t^ E S U L T S 



**«**4***««««*******4«* 



1000 I=ISC{C 
IE (NSOL 
ZmAT = . T 
SAFSET= 
STOSETr 
NETOUT= 
SUWVEV= 
J=ISC(C 
K=ISC(C 
W*<ITE ( I 
If (.NOT 
IE (NYOU 
CAt.LIHA 
LMAX=0 

IOCS LMAX=LM 
IrOCLMA 
J=ISC(Z 
HMITE (I 
J=I0SOL 
CALLDEC 
GOTOIbfl 

n I E ( L H A X 
GOT0200 

1900 WRITE (1 

2000 WHITE ( I 
RCAU( Ik 
IFCI.NE 
WHITE ( I 
RE TOWN 



MIN 
.LE 
HUE 
.TK 
,TH 
.TR 
.FA 
OHM 
UKM 

><{ , 
.NY 

NK I 



PS) 

.0)GOTai900 



UE 
UE 
UE 
LS 
IN 

AX 

uu 

HI 
ZS 



) 
) 

OhSOL, J,»< 
T)NHlTt:{It-l,6Sl)K,I 
TE ( I ^1 , fcb? )K, 1 ,MAXSOL 
OL . O.NSUL ) 



C* * * • * 

0^03 
509 
600 
Ob?^ 

* 
650 



AX+1 

X) 

SOLCI ) ) 

v^WbSS)LMAX,J 

(I ) 

ODE C JOUT, NFAC , J»HT».n,NF ) 

• LT .NSODGUTOIOOS 



«1 ,h'j<^) 1 

«^l,fabO)FACSrT,NSTOH,LlNCAL,NClSMMR 

1 .503) I 

. IEN[))GOTOH 

w Wh7a) 

**«***«**«*«« FORMATS **«**•**«*«•*»«««««•.•«« 



FORMAT (20AU) 

FOH»-AT (5X,?SI3) 

FOH'IAT ( IbHlhfcGlNMNG ALLn?/lMU, rOAy ) 

FORMAT ( ISm Kf ADING S'JtV^K T , ib I 3 ) 

FORMAT (b7HI ///////// A Each MY StJf^SET 

THIS IS THE,no,27M TH, Sl'nSf T IN THf 

FORMAT (aiihWHt SURVEY IS F I n I SHt D , , II n , br''H StiLUTIOf.S hAvE f f E N f-F 

AINEO, •'ITH TOTAL COSTS F R(H' , J i ^ , y h 10,I15f?H .) 



IS RE U;G DONE KI TH N\ TOUT . 
SURVEY. /I'^H FACUnv nt*^\ S 



; 1 P fi ■'> 

07?oonon 
07;'i nonn 
n 7 ^ d (' n n n 

7*' .^0000 
ii7?iiOOOO 

^r'snroo 
/('honiio 
;^ 70 110 11 
(J 7?Hrinno 
/^m)i.ioo 

t) 7 30(iiI(pO 
M I n I ) n n 
n 7 3 3 II n 
073uOnnil 

7 i s n f( 
07 ihooiin 

7 3 7 II n 
075H0P(')n 
7 39 'I'll) 

7 y 'I n 

7110 
7 U ? 
7 « 5 ri 
7 a q 
7 a S (] n 
O/ybOOOO 

7a7noo(j 

7'JflOO'l0 
7U90n')0 
0/50001)0 
0751 OitiiO 
,'S?rtOuO 
7530(1110 
755000 
7 5 6 
0757 f; 000 

75H00O0 
759000O 

7 b 
7 6 1 TmT 
7 h f fl 
7 6 3 < I 
OVbiJOOOO 
07(.5000n 
07'ifiOOOO 
U7()700nrj 
76H00iin 
07690000 
07 700(10;) 
7 7 1 
■'" 7 ^ ij 
07730000 
7 7 U ') 

077500O0 
7 7 e n n 

077 70000 
) 7 / H n n 
Tn77'vonoii 

/POOOOO 
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651 F0«MAT(35H THERF WtUE NO OTHfR SOLUTIONS PMnM,iiS,UH TO/IlSr?"^ .)07fll0000 

652 FOKM*7(31H THFRf nt^t SOft SOLUlIONS FWU^',Ilb,yH T0.11S*^h ,/aSH 0/630000 

• BUT IT kaS S^EClFItU NOT TO DETAIN MOkt Than,I10,1(?h iJOLiiTIO'JS.) 7S30000 
655 FORMAT (^hMlfACIL I Tr CU'^HInATKiN kflNK,IS,lOK,I(tHT(iTAL LOST,! 15) 7840 

0659 FOHHAT(5«H0NO SULuTIOJ I.S SlUWtO Sl^-Ch Tt-F rf^TTF>-l(i*j Ci|y*-lN + PPS = ,ia7'iS0r.OO 

• lO#ilH IS TOO Ltl»J/lM ,2^x,hlHiNn/0R ALL OIvFN FAClLl'T SUhSETS CnNOZRhnofJU 
*T*lNtO UNUS£D FACILI TIE S/lH , 23 X , S« h a f.O / i W NO GIVFN FACILITY SuRSE 7 H 7 I) 

• T COULO lEET THt OLhand.) 078eO(;00 

0660 FORMAT ( l^HlENO (tF CASE/Mh S 7 A 1 I S T I C ?.., o «. 7Hf A C Sf. T = , 11 , S i' . b^N s T GO 7 P'Hi'T (1 
•R=»nO,SX,7HLlNCAL = #no,SX.7HNO.S^'"R=,I10) 07900 U 00 

670 FaK»^AT(lJh0tNnUFALLu3) 791ni)nO 

0712 FORMAT C79M0+ + + *^tR*jp,L,4 + t "IMtW OPTl^'IZ■lTIl"^ YJELOtO SlI'^'^FR Sy ST Z r>79?0 r, n o 

*M INFLASIHLE FUR SUbSET/lh ,15X,3bI3) 0793111)00 

0600 FOR-^AT (SOLI ) n79unono 

0801 FURHAl(y0I3) 079SO(f00 

0802 FORHaTOUO) 07960000 

0803 FORMAT ( lOCeHRESTART )) 07970000 
080y FURMAT(20AU) 07980000 
0B05 FORMAT (*.fc 13.6) 0799nooo 

0806 FORMAT (b( 1PE13. 6) ) 08000000 

0807 FORMAT (37M0***** OAT 4 DimP COMPLETED AT FACSET = #I10,HH •*♦**! 80 10000 

7601 fORMAT((lH r ISX, ijHailMhER ntAP-END /10(I3»AS))) M ? n 

7602 F0RMAT({1H , 1 S J( , i iH A LL - YF. AR INTtRMtDUTt 10<T3,4S))) O8o3o000 

760« F0RMAT({IM , ISX, 3iHALL-YtAR DEAO-EnI) ,10(M.ASn) 08OOOOOO 

7605 FOKMATtllH , ISX. 55MwlNTtH STORAi;E ,10{I3»AS))) ijn050000 

7607 F0R«AT(22H I NTEf^ lE D I A 1 E F AC I L I T Y , I 5 , AS , 3 7H SFnOS ITS SLUOGE TU nEAOrtObOOOO 

*DENl) FACILITY, 15, AS) OH070000 

7606 FO^^MAT ( :mO,6«X, IbMTin AL FIXED COS T , I 1 S/ ^«H0 w I N T FR AM) ALL-YEAR PORO^iOaOOno 
*TI0N5 OF SYSTEM/ 1 MO, 30X,37MSLUOGE DISTRIfiUllUN PATTtW'j/) OH09riOf,0 

7610 FORMAT {lM0,SoX,19HT01AL VARlAbLt COST, IIS/ IH ,SbXf?^HSYSTr" COST T 081 On 000 
*UTAL SO FAK,nS) 08110000 

7611 FORMATCbOH THERE IS NO SPECIAL SUMMER PORTION OF SYSTEM.. THIS IS 08120000 
♦ALL.) 08130000 

7613 FORMAT (2SH0S1)MMER PORTION OF S YS T EM/ ! HO , 3 X , 27 H SL* n)Gt (M S T R I OIJ T I ONOR 1 il 
♦PATTERN) OHISOOOO 

7615 FORMAT ( lHO,SbX, 19HT0TAL VARIABLE C0ST,11S/1H , h 3 X , I 7 HS Y S T F M COST T08180000 
*OTAL, I IS) OH17O0O0 

7616 F0RMAT(b6M THIS COMBINATION IS ALREADY STORED ^IThOliT ThE UNDSFn FUnlwonoO 
*ACILIT lES, ) 08190000 

7707 FORMAMSIHONETOUT TERMINATED.. NO USEFUL FaClLlTTES IN SUBSET) 082000 oo 

7708 FORMAT (blHONETOUT TERMINATED., SUFFICIENT r- 1 N 7 1 K CAPACITY N{)T AVAIO»210000 
*LABLE) 08220000 

7709 FORMAT (blHONETOUT TfKMlNflTED., SUFFICIEmT SUMMER CAPACIIY NOT AVAiar*P30O00 
*LABLE ) O6210000 

:===s=====z==============================r====z=========================08PSOCOO 

END 08280 000 

BLOCKOATA O8370OO0 

COMMON/LAYDAT/NN(10), IRl,lHi,IR?,Iw2,UPIC30),ILP2C3 0J,JLP(30),LFPU8?Bnnno 
*P(30),JOUT(30), IH{8 )/ INLARb/lNLA'^SC lU3S)/lNSMAH/Ii.iS«AS(l2i) /AC HMVH 8390000 
*/ACnNVS(aO)/REALH/R£ALS[73l)/LOUKt^/L(iGICS(102y) 08300 OuO 

INTEGERACONVS O831OO00 

LOGICALLOGICS 0^320000 

DATALOGICS/10 2'J*,FALSF,/,INSMAS/123*0/,!NLAR-S/l'J3S-09Qqoqgqq/,,*,cnM0P330'^.in 

• VS/«0*«HnASH/,REALS/731*0,U/,IRl,Irtl,IR3,I'^2/5,'>,8,9/,IH/aH SOUfaHUf-S^OOOr. 

• RCE ,«H STn, MHRAGE/UH TU»UHTAL #uhah T,iJHO LF/ 083S0O0O 
tND 0h3h0000 
SUBROUTINE ST ART 08570U0 
CDMHON/STARTH/ALPHA,TITLE(20),i*(eO),MFCl {U),OAMF(3O),KF(30),JCOF(2U83fl0ti00 

*0)#HAULF(9),HAULVt4} 8 39 000 

C0MM0N/LAT0AT/I5MMR, SUMMER »MpPO,MLQO,MLrO,MLFl ,MLFN,MPPN,MHT,fJFAC,O8U0O0OU 
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r 



*IHI , Ihl , IR? 

COMHON/lNLA 
*NPP5» NPPU, I 
«WTAh,NSULrM 
*MM, UF AC» IS 
« , n K A h P { 1 , 
*) ,K 1KANS( 10 

CUMKON/lNb'^ 

*1 ^nlJ-n^nhT ] 
*MAXSIZ(iJ) ,N 

COhhun/acon 

CUMMON/'^t AL 
*50) 

COMMON/LilGI 
*T,HT1NC,LF I 
*PPN,l SCHl 0, 

iNTLGFRt PS, 

*,CTWAr.S,CTP 

iNTtGtPlSAY 

LUt,ICAL 

*,HT INCrLFlN 

*PN,LSCHTO,P 

* ru N C , M R f , N 
Dln[_NS10NY( 
EUUIVALf.NCE 

* I T L E ( 1 ) ) » ( "^ 
D A T A K S T . I 
KFn(R3 = IFI 
JSCd )=Kf- IX 
IFCKASCNT.G 

READ( IRl ,^0 
WKITt (I^Ub 

NLS0 = NL3.EiJ 
NPPOrNPP.tQ 
MFO=NLF.Ell 
NH10 = NHT.£rj 

e 

NLS!=1 

IF(NLSO)NLS 

NLSN=NLS 

NPP1=NLSN 

IF t .NUT ,NPP 

NPPN=NLSN+N 

NLF1=NPPN 

IF C.NOT.NI.F 

NLFN=NPPN+N 

NHT l=K'Lf-N 

I F ( , f-j a T . N H T 

NHTN = NLt- N + N 
NF=NMTN 

nppu=u*npp 

NPPi = \PPi4-l 
NPP? = tJpP3-l 

NS3 = NSiJ-l 
NS2=NSJ-l 

NMT5=NHTU-t 



Nf- ,'.St 

A xsnt, 

CUA'*, 1 
^ ) , 'U 

,iO) ,^ 
A H / ^ A 5 

, UH] N, 
A V A ( 3 CI 

H/Sf.At 



l_ ^^ 1 ( i 
IS, LPS 

10) , Ii) 

1 wfi'^IP ( 

SIZr ,M 
) , L '-. a 
SkC ( 1 
t , D I S T 




,^JS,NLS,NPP,NLf,NHT,r-LSl/NL,SN,NPP],K. 
SI/,NFN,LTAh,kTAB, ITAH,(UrtH.NTAH. ITV 



CK/LCTrj 

N C , L b t N 
P C F L 1 » 
N Y U T , N 
ARtUluT , 
ANLf CT« 
(IS), TI 
LCTnL 
C.LSUC 
CFOLUH 
rClUT,NL.l 

a, 1 u), X 
{ ^a 1) , y 

t 1 ), XS( 

ST /an I c 

X (R*U,5 
(SCALF* 
T.P)GnT 

ALL 
0)^1S,^JL 
) N S , 
,0 
.0 
.0 
.0 



1=0 



I.O,LC 
CfPRl 

Ht SiJ^* 

r. d L u C 

f- ACSF_ 

4NP,g 
TLFrO 
O.LCT 
,PPIN 

rsupt- 

HLOC, 
S ( 1 U ) 

( u n 
1) ), ( 

ST, an 

) 

FLOAT 

oeb 



5 , NPP 

NLS,N 



,N.S,NL5,NPH,NL^,NHT,NL51,NL,SN,NPH], 
SI/,NFN,LTAh,kTAB, ITAH,(UrtH,NTAH. IT 

V A c i ) , I Y p { -^ n ) , ' F C { u ) 

) ,NA"(- AC (30) 

N S ( 1 U , 5 ) , IM S T ^ L ( 1 , 2 ) , 11 1 S T .■- P ( 1 , 

.SO,NPPO,^LFu,^H^o,InFF 
I [N,PRi.F IN, I, on, L 01 , 

^F,HTt SS^,LFFSS^,SI2tl , 
iM(50},C(iw()(ii),MSfcT(5n. . 

[N,CUP^'AX,OLDMAX,C"lNPS,SU'^..,^ 
nZt,RTAH,OTAH,HAR,C)LnHA(*,ilLNA 



PUN, '. 
n, LMfl 



^ni , VWE 



TnP(I ,NL 

NClS'-T 

F,t f Slli^ 

{ Q (1 ) , I 

T,Cuf^MI 

,2Sf!L,S 

Af-F 

NMP , NLS 

CLSmTI 

,LF SlJPF 

INC, CON 

, YS( 10) 

),("(!) 

w( 1 1 ),V 

lOST/ 

(I) ) 



START 
, NLF ,NHT 
PP,NLF ,nht 



I), Surf ( 



iJ,C 



N,CUP^'AX,OLDMAX, . _ 
■ IZt ,RTAH,OTAH,HAR,C)L 

0,NPPO,KLFO,NHTO,IDFFO,STllSET 
N,Pt^LFlN,L00,L01 , 
,HTE?SN,LFrSS'i,S!ZEl, JFnSIZ.S 
D,MStT,SuPF,C00RD,niST,C0 51 
,XF(30),VM50).OAMv(5n),C(lNV( 
.CUNV(1)),("(31),0AMV(1)),(IS 
Sll )), Cw(^l ), YF( I )), («(51 ),XF 



T ,SAF 

L 

SIZ^T 

N F , r 
va 

, SAFS 

in 

1 ZMTY 

5n) 
av (1 ) 
( 1 )) 



n****************** 



TAB-SETTING ROUTINE 



)MPP1 SNLSN + 

PP 

)NLFl=NPPN + 
LF 

) N H T 1 = r, L r N ♦ 
HT 



1 p 'i 1 f) n n 

•. f H y 3 u n 
SiiOHtiunfiOO 
■ > ) H ij s n f' 

3 f^ '1 6 1.1 1) 
8 ■! 7 r. n 

L P H '1 « r) 

XjOHJ-VlTinO 
OHSOOCO 
OHSl nooo 

D ( ^^ S ? .) 
OHS30fiOO 

Of* 5*3 'too 
Y , ObS*)(MMin 

.M S 7 A C 
APOt^^t^OcOO 

O^^QOOOO 

OB^nonnf) 

FT Ot^o 10 10 

OPObh20000 

,SOBb3O00O 

OHbiJOOOO 

0be.5onoo 

, T OHh^fli'OO 
0867000 

Ohbeodoo 

086900 00 
0670 000 
0R7I0OO0 
OB7?OOO0 
087^00 
067U0O00 

oe7soooo 

087600 
0R77U0O0 

08780000 
08 790 ft 
08800000 
8 B 1 
088? 000 
06 8 3 
088^0000 
08 8'jOOOO 
08860000 
OHH7OnO0 
08880000 
8 8 4 
08900000 
08910000 
089?oono 
08930OO0 
089*^0000 
08950000 
08960000 
O8970''O0 
0698000 
089900U0 
09000000 
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^HT^=NHTi-l 

LCTNLO=NLSO,nR.NHTO 
LCTNPO=NPPO,OH.NLFO 



WHlTEd^l.bOOl) 

OOQJsI ,NS 

Rfe:AD(IWl,S01)WNiMSRC(I),15AY 

WHlTtlUl, book's] 

D010J=1 ,MF 

^<EAD(]Wl,'50nU^JAMF4C(I),I5AY 
0010 HWITE(UW6 0o^H,NaMFiCCI),lSAY 

REAOdWl ,50 n ALl^HA 

WRl TE { Iwl ,hOO^) ALPHA 

IF (ALPHA. LT.il.OOnnGOTOau 
C «EAD IN CnnRDlNATKS FUW DISTANCE 

WRITE ( IWI ,bOOU) 

DD15I=1,nS 

READ(IN1,507)XSCI ), YS( I) 

15 WRITEd^WbOl )I, xS(n , V.SCI ) 
D016J=1 ,NF 
READ(IR1,507)XF (J),YK(j; 

16 WRIIE{I^l,b01)J,XF(J),YF(J) 
D017I=1 ,NS 

XSI=XS(I) 
YSI=YS(I) 
0017J=l,^4F 
XFS=XF(J)-XSI 
YFS = YF (J)-YSI 

17 OISTNSCI,J)=ALPHA*SQ«T(XFS*XFS*VFS*YFS) 
IF(LCTNL0)GOTU21 

DU19I=MHT I ,NHTN 
XSlsXF £1 ) 
YSI=YF(I) 
II = I - N L F N 
D019J=1 ,NLS 
XFS = XF( J)-)(SI 
YFS=YF(J)-YSI 

1*» DISTNL(I1,J) = ALPHA*S0RT(XFS*XFS + YFS*YFS) 

21 IFCLCTNPO )&OTO?y 

DO?(^J = NLF 1 ^NLF^J 

XS1=XF{J) 

VSI=YF(J) 

J1=J-NPPN 

D0a2I=NPPl ,NPPN 

XFS=XSI-XF(I ) 

YFS=YSI-YF ( I ) 

ll=I-NL3 
0022 DISTNP(n,Jl ]=flLPHA«S':;«T(XFS*xFStYFS*VFS) 
002« HEADIIR1,SO^)EPS»MAXSOL 

WRJTE(Irtl,b02)EPS.MAxsnL 

CALLH^VFC (MTftO.NF ) 

NSETS = MT».OCMF)+MTwOtNF)-l 

M=NS+1 
C*******'************** CASE START 

0026 KASCNT=KASCNT+1 

HEAD(IR1,503)TITLE 

HWITE(lHl,603)KflSCNT,TITLE 

REAO{IHK50y)(Qn ), 1 = 1 ,NS) 

WRlTE(I^U60u)(I,NAMSRC(n ,Q(I), I = 1,NS) 



CALCULATIONS 



******A«*«**A****«« 



09010000 

o*502onoo 

<) 3 (J U 
09000000 
090500 
U90bOOOO 
9 7 
9 8 110 
9090000 
9 1 (Ut 

■ 09 no lino 

09 120 000 
9 130 

091 yonoo 

09 150000 
9 1 6 I.) 
9 17 
09160000 
09190000 
09200000 
09?10000 
09?20000 
09?JOOno 
092U0000 
09250tMiO 
092b0000 
09370 
09280000 
09290000 
9:^00 000 

9 -j; 1 {) 

09520000 
09350000 
9 3 U 
09350000 
09560000 
093700 
09360000 
093900 00 

09aooooo 

09U10000 

09^20000 
09U30000 
09uyoooo 

09^50000 
09060000 
09470000 
09480 00 
09490000 
09500000 
09510000 
09520000 
09530000 
09540000 
09550000 
095b0000 
09570000 
095P0O00 
09590000 
09600000 



281 



0050 



0031 
0032 



005S 



035S 



0036 
03bl 

C,,.. 

37 



0373 
0375 



}6 



0059 
00«0 

c... 



suMa=o 

ISCUAN=0 
U030I=1 ,NS 

IF (J.GT.ISCIJ4N) ISC 
SUMU=SUM(J + J 

K = NULlM(SU^lj) 
D05IJ=1 ,nF 
RtAD( IHl,bOS)CAPCJ 
IF(CAP(J).Lt;,O.Ok. 
CONTINUE 
WrtI TF tl wl ,hOtj 1 ) 
r-KUf. (IwUbOSHJ.N 
*VKtO(J),J= WNF) 
HtAU( IHI »SOb)L»hlN 
hWnt(lWl,6 0b)L.r.I 
LOO = L.t"Q,0 
L01=,NOT.LOO 
ISCOK'F = 
D03SJ=1 ,NF 



Kt-f^VK iK \ ,'3U b ) i 

W«ITE(IWU6t)9)l 
DIST=I .EQ.IDST 
C0S1 = I.E)J.1CST 
C0OhU=,N0T,DIST, AN 
IF(C0ST)G0T05S5 
READ(IR1,509)N» (I, 
WRITE(Irtl,615)(l.^ 
WHITE ( HnI,60'*1 ) 
IF(.N0T.COST)GOTO3 
N = HAXO CNS» NHT , NPP ) 
DU56I=1 ,N 
Y(a, 1 )=0,0 
ISCOEF=0 
.,, .CALCULATE OISTR 

F IHSTfSOUHCES 

D057I=1,NS 

y(I , I )=FLOAT(I) 

00«OJ=1 ,NF 

OAMVJ = OAMV (J) 

IF(C{iST)GOT0373 

READ( IHl «b07b) C JCii 

HRITE(lHl.610n(JC 

IK(DIST)HEAD(IH1 ,5 

G0T0575 

HEADCIftl ,507) (w( I) 

00391-1, NS 

IE (CCST)G0TO58 



UAN = J 



),CuNFCJ),CClNVCJJ,nAiF(J),OAMV(Jl,VHET(J) 
CAP(J) .t.T.K KAPlJJrK 



AHFAC(Jl.CAP{j) ,co^F tJ),rnNv( J 

TEf^ 
NTER 



0.. NOT, COST 

HAULF(I),HAULV(I),J=1,N) 
AULF (I),HAULV(n, 1 = 1 ,N) 



61 



IBUTION COST ARHAYS ACCORDING 
TO FACILITIES 



F (I) ,Tri,NS) 

OF (I ), 1 = 1 ,NS) 

07) (^(I), I = ?,NS?,U) 

, I = 5,NS5,«) 



IF (cauf;u)Y(p, I ) = Di 
V(3, I)=riAULF (JCOFC 
Y(il,I) = Y(3,n+aAt-'V 
II = 1 F I X ( 1 . E 7 * Y ( ^ , I 
IF (I 1 .GT.1SC0EF)15 
CTKANSd, J} = I 1 
WHITE (Irtl,blO)J, (« 

HT TO LS 

IF (LCTNL0JGOTO«6 



bThSCI » J ) 

I ) )+HAULV(JCUF CI ) )*Y(^,I) 

J 

)+0,S) 

COEP = I I 

il ), 1=1 ,NSO) 



0M6I (1000 
O96aO000 
09630 000 

n96urooo 

096^11000 

UPbhfiOOO 
096701100 
096P!lO00 

0969iinoo 
0970O000 
0971.IO00 
0972 000 
) , f'AMF ( J) ,(iAMV( J) , r'97 5tiriil0 

OQ/yrjooo 

9 7Sn(100 
09760000 
t) 9 7 7 u 
0978 000 

0979nono 

09800 00 
0961 000 

09a2oooo 

09630000 

09Saoooo 

09P5O00O 
09860000 
0987 00 
09880000 

o9e9')noo 

09900000 
09910000 

0O9?l;000 
09930000 

99aoooo 

099SO00O 
09960000 
099 7 000 
COOHn,OIST,COST099RgOOO 
09990OO0 

1 n 00 
looioooo 
looaoooo 

I00300(i0 

1 U 
lOOSOOOO 
1 6 n 
10 7 
10 6 
10 9 
1010 
10 110 
10 120 
101 30 (.00 
1 1 « 
10150000 
10 16 
10170 

1 1 e (1 

10 19 
10 20 



TO 



f 



282 



0415 

oo«a 



ooas 



0044 
0045 

c... 

46 



D04JI=i»NMT 

#1, V( WI)=KLOAT(I+nLFn) 
00a5J=l»NLS 
OAMVJ=D*MV{ J) 
IF(C0ST)G0T0U1S 

»E*O(IHl#507S)(JCn|- tI),l = l,NhT) 
KRITE (Iwi ,6101) C JCOF (1 ), 1 = 1 ,NHT ) 

G01042 

READ(IRl,507}CrtCI),l=3,NHT3.a) 

D0a4I= 1 ,NH1 

IF (COST )Gl)T0y3 

IF(CUUr<D)Y (a.n=UlSTNL(I,J) 

Y(3, I )=MAULF CJCOF( n )*HAULV tJCHF {I)]*r(2, 1) 

Y(4, I ) = Y{5, I )+iUHvJ 

Il=lf IX(l.E7*Y(«, I )+n.S) 

IF(II .GT.ISCntF ) ISCUtF = I 1 

CTRANLd, J) = ll 

wHI7E(I»l,fcU)J»(N(n,I = l»NHTa) 

PP TO LF 

IFCLCTNPOGOTObO 
00471=1 »NPP 
Yd, DsFLDAT d+NLSN) 
0051J=1»NLF 
Jl=J+NPPN 
OAMVJ=OAMV( Jl ) 
IF (C0ST)G0TO«75 

HEADdRl,5075) (JCOF (I), laUNPP) 
WRIUdwWblon [JCOFd ), 1 = 1 ,NPP) 
IF (0IST)Wt4n(IHl ,507}{wd). U2»NPP?.4) 
G0T04fl 

kEAD(IHl,507Jt«Cn,I = 5,NPP3,U) 
0O50I=l,NPP 
IF CC0ST)GOT0U9 
IF(C0OHO)Y(^» I )=OISTNPri, J) 

Y(3»l)=HAULF{JCaKd ) )+MAULV(JCOF d) )*Y (2, I) 
Y(4,I) = Y(3d)+0AMVJ 
llsIFIXd .E7*Y(a, I ) + 0,5) 
IFdl .GT.ISCOtF) ISCOEf =1 1 
CTRANP(I»J)=I1 

rtRITEdiNl,6inJW(.^d),l = l ,NPPii) 
SCALE=1 ,E5 
U = 0, 1*FL.0AT ( INF) 
S = FLOAT (SUM(J) 
REFLOAT (ISCOEF) 
VeFLOAT (ISCUAN) 
SC0NF=l.E7»FL0AT (ISCONF) 
0061 SCOEF=(SCALE*w)/U 
SCUAN=SCALE* (V/U) 
HFAC=(2.0*H*S+SCUNf)/u 
If(SC0EF*SCUAN.GF.rtFAC)G0T(lb3 
Ri^FAC = SQRT{hFAC) 
IF(SC0tF.t.E.SCUAN)G0Iu62 
IF(RKfAC.GT,SCOEF)SCOEF=RhFAC 
SCUANswFAC/SCOEF 
G0T063 
0062 IF(»i-f AC.GT,SCUAN)SCUAN = RhFAC 
SCOeF=nFAC/SCUAN 
0063 IF(SCALt.LT.feO.O.OR. (R/SCOEF.GT, 1 ,E4 , AND, V/SCUAN.GT 
5CALE=0.9«SCALE 



0475 

0046 



0049 



0050 
0051 
0060 



1.E4) )G0T064 



1 iviouno 

1 O^^'KM") 

1 n ? 3 n 
1 O^uondo 
1 0?sn(ioo 
1 (Vbonoo 
1 ? 7 l> 3 
1 ? f' (1 n 

1 OP^Nf/llO 

1 5 n 
1 U U OOilO 

1 Oi^OlliTf) 

l033'-uinij 
1 iiioon u 

! U3SOC'O0 

1 nshoonn 
1 f>570f)no 

1 05H0*ii.U 

10 3*? noon 

1 4 ft 

1 1 n 

104^0000 
10 4 3 

1 04uoni)o 

10 4^0000 

1 4 b n 

1 047UOl(0 
1 (JUBOOOO 
10 9 
1 S 

1 OS 1 nofiu 
inbanonn 

1 S 3 

1 s '1 n 

1 0550000 
10S60O00 
10S70000 
105H00O0 
10590000 
1 h 
1 OhlOOnu 
1 h? 1)0 
1 6 3 i' 
1 0*-400n0 
1 ObSOOdO 
lOhbOOOO 
10670000 
106fl0000 
1 0690000 
107001100 
10 7 10 
1 07i?000O 
107 30 
10 7 4 
10750000 
107600O0 
10 7 7 
10760000 
10790000 
10800000 



283 



006U 



65 



0066 



0067 
0066 

0071 



0072 



0073 
007iJ 



007S 
0076 



ooeo 



0090 
0099 



0100 
0101 



G0T061 
ISCOtf 
ISCUAN 
IHFAC= 

iscota 

ISCUA2 
iHf- AC^ 

1HINT2 

ISUHMr 

L=i oon 

SCALf = 

II- (S.L 

1WF=10 

IWFU=1 

I»-FDa = 

001068 

N = S 

IhF=KF 

IhF[)=l 

IF (IrtF 

lhF=(I 

UFD=( 

JF (UF 

Ir,FU2 = 

hHITe( 

nu7n = 

CAH(l) 
D072J= 

no72i= 

CTKANS 
KTHANS 
IFtLCT 
t)073J = 
0(1731 = 
CIRANL 
I F ( L C T 
U07bJ= 
00751= 
CTHANP 

snHu=o 

OUB0I= 

«(])=( 

SllMU = S 
,. . . .FI 

IF(LCT 
0090 J= 
00901= 
KTWANH 
CTkAnP 
U (LOO 
L = NLF N 
GllTOlO 
IF (NPP 
L = r.PPN 
K = N L S N 
K=FLOA 
DU102J 
CAP(J) 



2.o*scnFF) ) 

2.0-bCUAN)) 
.UPSCALE ) ) 



= IWUUNO(kF r >i ( 

= I ^ u 1 1 '. n ( K F ] X ( 

IRtlU^n (hF 1 x(? 

= Ii;COt F/2 

= ISC(IAN/2 

= IwF AC/2 

f'AXUl.CwI'.TtWsFLOAldMhAC)) 

= UlM/2 

ItsFAC-IwJftT 

oooo/iscntF 

1 .fc 7/ (Fl:ia I ( I 

W1,S07)S 

t . 13.287712)G 









SCUFF ) •F-LOAT ( ISC UANJ ) 
OlObb 



IX( 1 . 
000 
.LE. I 
wF + S) 
Irtf + 
O.GT . 
I wFU/ 
I Wt ,6 
1 »NF 
= (CAP 
1 ,NF 
1 /N'S 
(1* J } 
(1# J) 

NLO )t; 

1 »NLS 
1 ,NHT 
( I, J3 
NP0)G 
1 »NLF 
1 ,NHP 
{ I* J) 



E3*(2.0**(S/?.O))) 

00)c-nTn67 

/lO 
5)/10 

I )GUT066 
2 

II I )L, rSCUAK,SCALE» I«INT» IWFACH, IKF , IwFO 

(1)+TSCUA2)/ISCUAN 



=rCTHAN5 
= CTFAf.S( 

0T07ii 



= CCTWANL 
T 7 6 



(T, J)+1SC0E2)/ISC0FF 
1« JJ 



(I» J)+ISC0£2)/1SC0FF 



= CClRANP(I,.n + ISC0t2)/lSCOEF 



1 rNS 

( (13(1 )*rscifA2 

MSH HUDIf ICfl 

NP0)GUT1J99 

1 , N L F 

1 f'^PP 

(I, J] = (I^F «CT 

{ I « J): ( I'-F AC* 

) (; T u 1 



1 

C)GaiUl05 

+ 1 

T ( lv,}'i- )/FLOA 

= K»L 

= KF IX (P-FLUAT 



)/ISCUAN)*lHlNT+IhFAC2)/lwFAC 

TION OF OISTPIHUTIOK COST APHAY 



fJANp( I , j) + i wrD2)/ihFn 

ClHANP(I,J)*lh]Nl2)/IWlNT 



T(UFAC; 
(CAP(J) ) ) 



1 OHl IM)0 
IOP2(IOOO 
10^30 000 

1 OHy o'lno 
1 o^sooon 
1 Oflbfinon 
IOR7i'noo 

1 OHt*ooon 

1 09 01100 
10 9 10 

10 9 2 
10930000 
I09yuooo 

109SO000 
1 9 6 (» n 
10970000 
109ri0 00 
i 09^0000 
1 1000000 

1 loinooo 

1 1020000 
1 1050000 
1 IQiJOOOO 
1 1 S 
I lObOUOO 
110 7 

110 8 
1 1090000 
UIOOUOO 

111 10000 

1 n 20 000 

1113 

1 1 uoooo 

1 1 150000 
1 1 160000 

11 170000 
1 1 1 H (I 
1 1 190000 
1 1200000 
11210000 
1 1220000 

112 3 
I 12^0000 
1 12S0000 
1 126fiOOO 
I 1270000 
1 1280000 
1 1290000 
1150 
1 1 3 I 1) 
1152 
1 1530000 
1 1 3 U 
1 15SO000 
1 1560000 

113 7 
1 1 38O000 
1 1 59O0O0 

1 mooooo 



0102 



102b 
103 



1055 
1036 



Oioa 
10«5 



C INI 



0106 
0106 

0110 
0112 

0114 
0116 

one 

0120 
0122 
0124 



0126 

0126 
0130 



DU102I=1»NS 

KTRAMSd, J)5(If^F«CTRAKS(I,.n + IhFD2)/IkFD 
CTR*NS(I,J) = (IhhAC»CTWA(yS(I,J) + I«lNT2)/lNlNT 
ItPS=J5C(EPS) 
D01025J=i ,NF 

cnNHJ)=JSC(cnNF (j) ) 

REAO(lHWS0B)ir;r>lN,AhBOUT»IOUMP,CUHMIh 
IDtFO = IOEFlN.ti^.O 

U (IDEFOJwHITE [Iwi,blS)NStTS,AkHOttT 
IF(.NOT.inEF0)r.hITE( U U h 1 6 ) I PE F I M , AHBOUT 
IF (lL)UMP.r,T.O)GnT010 3S 
IDUMP=1MF 
GOT01038 

WRI Tt { Iwl »bl6S) lOUMP 
IF (CUMMIN,LE,0)(;oTUloy 
CURMlNrJSC{CUKMlN) 
CHINPS=CUWMlN+IFPS 
G0T010y5 
CUHMIN=IKF 
CMINPS=INF 
0LDHAX=INF 

WHITE(lHl,bl7)CURMIh 
FACSf T=0 
NSOL=0 
NSTOR=0 
LINCAL=0 
NOSMMRsQ 
SAFStl=IDEFO 
ST0S£1=,F4LSE. 
NYOUls, FALSE. 
NEXSETsAHBOUT 
N£XPUN=IDUMP 
If"(,NOT.IOEFO)PETURN 
TIALIZt COMdEX 
lNFB2=INF/2 
lF(NLS0)GOTO010e 
UU0106I=Nt,Sl ,NLSN 
I YP(I) = 1 

IF(NPPO)G0TO01 12 
DO0U0I=NPPl ,NPPN 

iYp(n=? 

IF (NLFO)GOTOOl 16 
DOCtl 14I=NLFl,NLFn 
IYP(1)=3 

IF(MHT0)GOTOOl?0 
DOOl lflI=NHTl ,NmTN 

lYP(i)=a 

0001221=1, NF 

INC(n = . FALSE. 

HtADdRl, 500)1 

IF(I.EQ,0)GOT00126 

WRITEdrtl, 620)1, NAHFACd) 

INCCDs.TRUE. 

G0T0124 

H=NF*NF 

0012HI=1,H 

NOHL0C(n = ,TRUE. 

R£AD(IR1,500)K.L 

IF(K.EO,0.ClR.L,Ef3.0)GGTO01i!0 

hRIT£(Imi,621)K,nAMFACCK),L/NAmFaC(L) 



I uiOfion 

I lU?OOflO 

110 3 

I I a u 
I lasoooo 

1 lObOOOO 

I 1070(100 

II OH 00 (I 

1 J oyfu.ofi 

1 ISO 0(1 
1 ISIOUDO 

I is;'Oijoo 

I I s 3 n I) 
ns'inooo 

1 1 5 b 
U 56 0000 
1 1570000 
115HOO0 
115Q0O00 
1 160UOOO 
1 1610O00 
1 16?0000 
I 1630000 
1 160 000 
1 1650000 
1 166 (JO 
116 7 
1 IbHOOOO 
1 16<)0000 
1170 
1 1710000 
11720000 
11730000 
117O0000 
11750 00 
11760000 
1 1770000 
1 1760000 
11790000 

uaoooon 

11610000 
11620000 
1 163000 
1 1 6 
1 1650000 
1 1860000 
11670000 
11660000 
11690000 
1 1900000 
11910000 
11920000 
I 1930000 
11900000 
11950000 
11960000 
11970000 
11960000 
11990000 
12000000 



M%-' 



I=NF«(K-1 )+L 1?01 onno 

NOHLOCd ) = .F ALSt . UU^OUOO 

r NOBLOCCI ) = . FALSE. ]?C\^r\nu(\ 

J iNC (K ) = .FALSL, l?nsoi,iirj 

K INC (L) = .F ALSf . l?ObtVMJfl 

tl GOTO0150 1^07iMiun 

^ OUO OO01S0l = l.a l^nni'urjo 

I 0150 MFC 1 ( n=o l^f.qn, ,0 

f DOOlfeOI = UNF ItPlUfHMiii 

^ J=lYPt I) 1^1 llMMUi 

?■ IF(IrjC{n)MFCl(J)='^FCl(J) + l I^WoimiQ 

0160 CONTINUE 121 5nn'i0 

. LSINC = MFCl (1 ) ,GT .0 Ir'WinjdO 

^ PPINC = MFC1(?).C»1.U l?IS(10nu 

LFInC = mFC1 li) .tiT.O IPlhOddO 

HT1NC=MFC1 (U) .U] .0 I^170ono 

MlNC = MFCl(l)+"^FCl(2)t^'fClC5) + MFCl(u) l?lPiini,n 

NFNrNF-NlNC J?19n(,i;n 

uooi70i = i,NF lepooo'tn 

IF (.NOT.INC(n)GOT00 180 12?10'i(>O 

0170 CONTINUE l^^(e01nn 

0160 LTAB=I l^,?5nn(io 

J = ^'F 12?aOono 

Dooi9oi = wNF laasooiio 

IF(.NOT.INC(J))GOT(^0^00 lr??(.n(HK) 

0190 J = J-l li>270Q00 

0200 HTAB=J 122HOOao 

NFHTAB = NF*RIAe 12,?400no 

Kf.AD{IKl,SOO)MAXSIZ I250 0uim 

HRJTL(Iwl,o^^)MAXSIZ 12510 00 

ICOUNT = 123?nf)00 

SIZE = I2530C1>10 

L00PPN = L00.AND,,NOT.PPINC 123000(10 

LSCHT0 = LSlNC,Or*,NHT0 IPSSOUOO 

PCFULI=NLf 0.UM..NU1 .LOOPPN l?3hOPOli 

LSHTlN=LSlNC.AN0.r1TlNC 1 ? 5 7 li 

PPLKIN=PPINC. AND.LF INC 1? 36 

HTESSNs, FALSE. 1?390()00 

LFtSSNr.FALSt, I2UOOOf>0 

Doi6ioi = uo lauioooo 

1610 HFCci)=o laupooon 

D0161 1 1=1 ,nF 12uj0uon 

JOUTd )=0 l?UyOOllt) 

OLDBAH ( I )=o ipysnono 

IF(lNL(n)ULn'Ut<(n = iNFH2 I2«hoono 

1611 HSETd ) = . FALSE. 12«700rin 

L = 12iJH0000 

J='^F laytjoooo 

D01fol5I=l,NF 12SOOOno 

OLNAVA(J j=L IPSIOOOO 

^ IF(OLDBAK(J),EO,0)L=L+1 . 12520000 

161S J=J-1 12530000 

L IFt.NOT.LSHTPOGaTOlhl? 1 25^000 

fc~ CUNDf 1 ) = .THllt. I?55n0i»0 

i COND(y)=.TRUE, 12560000 

^ I6t2 IF{.N0T,PPLFIN)RETUWM 12570000 

i C0N[t(2) = .lHUF. 12580000 

p C0NU(3)=.TRUE. 12590000 

\ RETURN 12600000 



- tfj^M— ■>J»J.»-^:g»»-r.-— »wr»TT —JT^lT-, ' -^— ■.. - ?■■ - -- " j^^ :■.■ — f.-- ^^ -f^j-jgg . 



0500 FORMAT(SC7X,I3)) l?610O00 

0501 F0RMAT(I2,2X,19A.) 126P0000 
050a FORMAT (5X, I 10, bx, I 10,1 ox, 15) 12^30 00 
0505 FORMAT(^0Aq) l^*,uonoo 
50« FOHMAT(5(5X,IIO)) 12^50000 



F0HMAT(5(5X, 110)) 

FOKMAT(bX, Iin,2(SX, 110, t" 10.0), 5X,E10,0) 
F0HMAT(SX,I1 , iax,F10,9) 
FORMAT ( 10X,7F 10, b) 



0505 t-OKMAT(bX,Iin,2(SX,I10,t"10.0),5X,El0,0) l?6h()r)00 

50b FOHMAT(SX,IKiax,F10,9) 1^67un00 

507 FORMAT(10X,7F10,b) l^hHiWioo 



M f ru«nAlllUX,/hIO,b) 

075 FORMAT ( 10X,7I 10) 

Oe FORMAT (U( lOX, I 10) ) 

CAn criL. kilt rye t i i • •- -.r . 



5oe 

0509 FON 



1 pf>ynii,io 



MAT(U(10X,I10)) l?70m,U0 

gb09 fUNNAT(15/5(lS,2tin.O)) 1^7]onoO 

6000 FORMAT( iqMONDMBtW OF SOUf^CtS , I 2 /^ 1 H OMJMhf H (.,(- f- a C I L I r 1 1 S / 1 nr, , ] s x , i ;5 / ^.^ f> n 
*37HSUMMf« OEAJ-ENO ,1U/1M ,lSX,i/HA| L-rFA^ IM^V.^iO.M) 

*TERMLU1ATE ,la/lH ,iSX, 37HALL-YEiH nE4D-fNi) . , . ,i?7anono 

* ,Iu/lH , 15X,37HH1NTEH STORAGE ,M?VS(JUOO 

*''^ 1?7(.0()00 

6001 FORMAT(22HOSC1URCE nAMES USED ARE/) 1^770(lO0 

6002 FORMATCIH , HlX,I5,^X,Ay,fJX, IBAU) 127^0000 
>0025 FORMAT(2«H0FACILITY NAMLS USED ARE/) l?/9finon 

6003 roRMATdPHOTRAVELLING FACTOR ,F10,fc) i;>flPO(-aO 

6004 FORMAT(12H0CnQROINATES/) 128infi00 
601 FORMATdH ,I2,3H X = .F10.3,iH Y = ,F10.3) l<>P^000n 
060? FORMAT(5HOEPS=.I10,5X.7HHAXSOL=,I5) UH^OnoO 
0603 F0RMAT(12HlCASt NUMBER , I 3/ 1 HO , 20 AU ) li^BuOoOO 
60'< FORMAT(?9H0ANNUAL PRODUCTION AT SOURCES .6 X , y ( I ? , 1 X , AU , I] 1 , SX ) / t 1 H l?H^of.o,l 

*,36X,iJ(I?, IX, AU, in,SX)) ) \?f\b\)iu)n 

6041 FORMAT(20H0F ACUITY P AR A Mt T t HS. 1 7 X , 3HL I M , 1 1 X , .'IhCOnF , 1 1 X , 4 hC ON V , I 1 x 1 ^m / o o O fl 

*,yHOAMF, llX,yHOAMV, 1 IX.ahVREO) l^^HOOOO 

605 FORMAT ((IM , 1 6X , 12 , A5, ax , 3(^1 O.Sx ) . 1 Pt 1 . 3 , 5x , II , ^ (SX , 1 PE I . 5) ) ) l^H^;o(iOO 

606 FORMAT (7H0LIULF = , M , 9H W I N TtH= , F 1 . 8 ) iPqnnitoO 

0609 FOHMATC^aHOMOOE OF DISTRlflUTlON COST ARPAY CALruLATfON IS ,Aj> ]?9lrn:io 
6091 FORMAT(lM0,27X,2{15X,20MUNI THANS UNIT VARI)/1H . 27 a , 2 ( 'i, X , iOmj S T 1 f^^ 2 n r, r. n 

*ANCE PORT COST ABLE COST)) ]?93noan 

610 F0RMAT(12H TO P AC I L I T Y , I 3 , 1 4 H FROM SOURCE , 2 ( F ij . n , F rt . u , ?F 1 1 . 'J ) / ( 11 ^^ u o t) n o 
•H ,26X,2CF4.0,FH.y,2Fll.a))) l^qSdoi.o 

6i01 F0RMAT(2«H USING HAULAGE F ORHUL A . . , ? ( I 8 , 2hX ) / ( 1 H , 2 3 x , 2 (I « , ?S X ) ) ) l2Mhnnoo 

611 F0RMAT(I2H TO F A CI L 1 T Y , I 3 , 1 y H FROM F A C I L IT Y , 2 ( F a , . F fl . U , 2F 11 . a ) / ( 1 1 29 7 n n n O 
*H,26X,2(FiJ,0,Fft,u,?Fll.d))) 12^)^0 (> no 

6111 FORMAT CbfcHOFOR COMPUTATION THE DATA IS t^tlNG MOOIFJFO AS FOLLOWS \?^^()vt]D 
*/3iH0VARIAeLE COSTS ARE MULTIPLIED HY,no/ I3n00il')i) 

* «yH SLUDGE QUANTITIES AMD LMninn.io 
*IMITS ARE DIVIDED BY,I10/30H FIXED COSTS ARE MULTIPLIED B Y , IPF 1 a . 7 1 3n2'inn o 
*/63H THE WINTER FACTOR IS CONVERTED TO THE RATIO OF THE T--.0 NUMPfc R 1 30 30 o o o 
*S,I10,6H OVER,I10/39h The WEIGHTING FACTOR THAT «AS HFAn I M , , F ] 4 . i 30 /; n n n n 
•7#1H,/ 62H YIELDS MULTIPLICATION OF VARIA^ILE ALL-YF'AH FACILITY CO130S0OOn 
*STS BY,IU,6H OVER,m/ S5H KlR PUWPOSES OF COST COMPARISON IN THF 1 5(1*, 'i u 

* WINTER SYSTEM, /9?H FOR EASY READING ALL SOLUTIONS WILL fE PR I N TE D 1 30 7 n o Q 

* OUT IN TERMS OF THE ORIGINAL DATA.) 13080000 
0613 F0HMAT(25H HAULAGE FORMULAS . , , ./(IH .I2,23H COST PER UNIT VOL H 1 30qtwj n 

*ME =,1PE12.«.SH Pt US. 1 PF 1 ;) - u- t HH TIM^q T u I P I t >v. r. T m 1 .-../,,.«,„ 
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* COST =»I10) 

0620 F0HMiT(9H FACILITY, n. Ay , 

0621 FOHMATdlH FaC IL I T Its, 1?» 
•OMfilNAT ION) 

0622 FORMAT {67H07^^r '^AXl'-UM NU 
*BINATI(1N IS/IH ,1SX,I2,1S 
*InTERMEUIATF/1H ,1SX,I?,1 

* STORAGE) 
END 

SUHHOUTINELINPRO 
C0MMUN/LlNr)AT/'NL(32ni,G(l 

*20),LSV{20),A(t6),H(20),C 

* hAT 
C0MM0N/INLAflH/LL(2)»LINCA 

*S(10.30),CT«ANL(10,20),CT 
*C50),HAR(50),OLOBAR(iO).K 

INTtGEKG,H,R,S,T, TAb,U,V, 

LOGICALZ-^ATrlZGO 

LINCAL=L1NCAL+1 

D015I=1#M, I 

NLVtI)=N*(I-l ) 

0013J=1/N, 1 
If X(1,J)=0 

001SJ=WN, 1 

LISTV(J)=l 
15 LSVCJ)=M*(J-1) 

KN = 

GD = 

00201=1. M, 1 

H=INF 

D018J=1 »N, 1 
18 1F(C(I, J),LT.H)H=C(I, J) 

DOl<)J=lrNf 1 

CIJ=CtI»J)-H 

C(I.J)=CIJ 

1F(CIJ.GT,01G0T019 

LIS7V(J)=0 

NLVI=KLV(I)+1 

NLV(n=NLVl 

NLtNLVl )=J 

CONT INUf 

CONTINUE 

D025J=1.N, 1 

IF(LISTV(J),EO.0)GDT(}25 

H=1NF 

0021I=l#M, 1 

IF(C(I,J).LT.H)ri = t:(I,J) 

0022I = WM» 1 

CIJ=C(I, J)-H 

C(I.J)=CIJ 

IE (CIJ.r.T.0)G0T022 

NLVIsNLVCI )t 1 

NLV(n=NLVl 

NLCNLVI )=J 

0022 CONTINUE 

23 CONTINUE 
00271=1 ,H, 1 

Ai=A(n 

NLVI=NLV(I ) 
TAH=N*(1-1 )+l 



55H IS INCLUDFO IN tVER 
AS,4H ANO.l i,AS, 32H AHE 

MREK OF FaCILIT IES Vf H 
H SU*^f^FR Of AOt NO/IH , ] ^ 
7H ALL-YEA4 DtAHEND/lH 



fc),Ll5TU(16),NLV{l6)/LS 
( lb,20) . x( lb#20) .K«C( lb 

L.NN(Q),INF,MM(2?),C0NF 
RANP(10,20),n( 10), lOSOL 
TWANS( 10,50) ,KTRAMP{10, 
CRIT , A,H,C, X,GD,CiJ,BJ, 



Y CDMHINATION) 
UOT HOTH IN ANY 



13^?oonn 
C I 3 ? i 

Nf KI^4n IN ANY Cn^IJ^^OOOO 
X,I?,?2H ALL-YFfiiJ IJ2^fiOni) 
, ISX, I?. ISH ^lNTE^l3?700'in 

1 i i> Q n ii 

I 3 J p n D n 

f^?0),R(?0).LlSTv(l53innon 

1 3 3 V) n n n 
(30),CAPC30),CTRANl35'J00i^0 
IP.O) , 7St)L(20),"iT«ni3iS00nn 



?0) 
AWXIJ 



0019 

0020 

201 



21 



1 33^0000 
133700 no 
13iH00 
l33*>ooon 

13«00000 
13^1 0000 
13020000 
13U30000 
1 Su^iOOOO 
13"S00()0 
13^60000 
1 3 U 7 

1 3y«oooo 

IS^J^OOOO 

13S00OO0 

13S100O0 

13S20000 

13S30000 

1 3Suonoo 

|35S00n(i 

13560000 

15S7000(l 

13S80Q00 

13590000 

13600000 

13610000 

13620000 

13630000 

I 36ii0000 

15650000 

|36600n0 

1 3670000 

136R00OO 

1 36900 no 

1 3 7 n 

1371onno 

I572O0O0 

13730000 

1 57UO0O0 

137SOOO0 

13 7 6 0)100 

13770000 

13 7 60 

13790000 

iseooooo 
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DOaSUsTAB.NLVI.l lifllOOnO 

J = NL(IJ) llR2onoo 

BJ=B(J) 15630000 

IF(t3J.LE.0)GOTO2S 138aoonO 

^'^J 1 3ftS00no 

IF(AI.LT.BJ)H=AI 13H6PO00 

'^(I»J>=H I3h70000 

*I = *I-i^ 1 3RflOnoo 

B(J)=eJ-H 138'»0()()n 

LSVJ=LSV(J)+1 ] ^pooonp 

LS(LSVJ)=I 13910000 

LSV(J)=LSVJ liwpoono 

iF(Ai.Lr.o)r,oTn?b j593oono 

21 CONTINUf 13900000 

^k A(n=AI i3QS0OO0 

27 GD = GD + AI 1396001)0 

28 IF (GD.LE,0)RETn»N 13970000 

?9 nO50J = WN. 1 13980000 

30 R(J)=0 13990000 
*< = . I/IOOOOOO 

D032i=i,M,i lyoioooo 

IF(A{]).LE:.0)GOU131 ltlO?0000 

*< = '^ + l li(030000 

LISTiKK )=i lao^oooo 

G(I)=INF lUOSOOOO 

G0T032 l«Of>0000 

31 G(I )=0 1U070O0O 

32 CONTINUE laOflOOOO 
33 L = m09ooon 

on3^u=i.K.i - luiooooo 

I=LI3TU(U) luiioono 

NLVI=NLV(I) l«i?onno 

TAB=N*(i.i )+i iyi30onn 

003ys=TA[i,NLvi, 1 lyiiioooo 

J = NL{vS) I^ISOOOO 

IF (H(J).NE.0)GOin3« lillfcOOOO 

R( J) = i im 70000 

L=L+1 lOlPOOOO 

LIS1VCL)=J 1^41900 

IF(B(J).Gl,0)GaT05 6 10?00000 

$% CONTINUE UlPlf'Ono 

IF (L.EQ.OGOTOUS Mi??0Q'?O 

^=^ . m?3oooo 

0035V = 1 ,L, 1 lUpiiOOOO 

J=LISTV(v) liiPbonoo 

LSVJ = LSV(J) lit?h0000 

TA9 = H«(J-i)*i liJ27(i00O 

0035S=TAH,LSVJ, ! 10280000 

I=LS(S) ia?90O0O 

IFlGd) .NE.0)GOTO35 laSOOOOO 

fid )"J 1031 0000 

>^-^*\ _r liJ52l)000 

LISTU(K)=I 14330000 

$S CONTINUE. 1«3«0000 

IF{K.En,0)GOTO«S 1^1350000 

G0T0i3 ' 10360000 

36 Hzb(J) lti37000n 

TABsJ ■ I03fi0000 

3^7 I=H(J) 1O39O00O 

*'=G(I ) laoooooo 
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IF(J.E0.lNF)GOTO5e 

IF(X(I,J) .LT.HlHrXd, J) 

G0T037 
38 IFCA(I).LT.H)H=A(I) 

J = TA8 

B(J)=B(J)-H 

*(I) = A(n-H 

GD=GD-H 
Ud I=R(J) 

XIJ5X(I,J) 

X(I,J)=X1J*H 

IFtXlJ.GT.0)GOTOul 

LSVJ=ISV(J)+1 

LS(LSVJ)=I 

LSV(J)=LSVJ 

ai j=GtI) 

IF(J.Ea,INF)GOTO?e 

X1J=X(1,J)-H 

X(I»J)=XIJ 

!F(XIJ.GT.0)GOTO«0 

LSVJ=LSV(J) 

TA8=M*(J-| )♦! 

D0«2T=TAB,LSVJ, 1 

lF(LS(T).NE.I)G0T0a2 

S = T 

GOTPilS 

CONTINUE 

LSVJ=LSVJ-1 

IF(LSVJ.LT.S)G0T05a 

DOimT=S,LSVJ, 1 

LS(T)=LS(T*n 

LSVIJ)=LSVJ 

GOTOaO 

as K=o 

L=N+1 

D0U7J=l,N, 1 

lF(R(J).NF,0)GOTOa6 

K = K*1 

HSlV(K)rJ 

GOTOfl? 
a6 L=L-1 

LISTV(L)=J 
a? CONTINUE 

H=INF 

Doaei=i,M, 1 

iF(G(i).EO.o)r,OToye 

52 D053S=1,K, 1 

J=LISTV(S) 
S3 IFCCd ,J).LT.H)H = CCI. J) 

lis CONTINUE 

0«85 D051T=1#M 

1ZGO=G(I).EQ,0 

NLVI=N*(I-!) 

D0«9S=L.N, 1 

J=LISTV(S) 

IF(IZGO)CIJ=C(I# J)*H 

lF(.NOT.IZGft)CIJ=C(I.J) 

C(1.J)=CIJ 

IF(CIJ,GT.O)GOTnuq 

NLVIsNLVltl 



42 
43 



44 
54 



lumoono 

ta«?ofioo 
laujnnoo 

1 uiiun pon 
tyusooon 
1 uyf-oono 
1 ouynnoo 
1 yiiHdfion 
1 iai4<?onoO 
lasonaan 
I liSiOfinn 

mssr.noo 

li5700np 

1 aspnono 

10590000 
1U600OO0 

lofcinoon 

mfeinono 
IMbaoono 

liJbhOOOO 

iu^7nono 

l«6P0000 

lubQimoo 
1^700000 
1^710000 
10720000 
10730000 
107^0000 

iu7snooo 
1 a 7 *i (f 
10770000 

ia7floooo 

1 U 7 9 
lUROQOOO 
10810000 
10020000 

lonsoooo 
loeooooo 

lOftSOOOO 

loefioono 

10870000 

loepcooo 

1O890000 
1 9 
10 910 

loqaoono 

t«930000 
10 9 
1O9S0000 
109feOOOO 
10970000 

1 tjQfloono 

1 0990000 
ISOOOOOO 



NL(NLWnaJ ISOIOOOO 

fl9 CONTINUE isopoonn 

0050S=1»K, 1 150 5000 

J=L1STV(S) IbOUOOOO 

U (.NnT.i2G0)cij=c(i,J)-H isosnooo 

IF(IZGO)CIJ=CtI.J) 150 6000O 

C(I,J)=CIJ isnynooo 

IF(CIJ.GT,0)GOTO50 150HOnOO 

NLVI=NLVI+1 IbOQOOnO 

NL(NLVi)=j ibioonoo 

50 CONTINUE 15110000 

SI NLV(I)=NLVI 151?0000 

G0T029 ISliOOOO 

END 151 (JOOno 

SUBROUTInELAYOUT 151 500 

COHMON/LINDAT/NL(320),lNTGf 16)*LlSTU(lbl,NLVtlb),LSn^0), T'iTR(?n), 151^0000 

•LISTV(20)#LSV(ao),A(l6),B(?0),C(16,20),X(16,aO),>.xC(16,?0),CRIT.Klsl5l70(ino 

*#M,N,ZWAT 151RO0OO 

CnHMON/LAYOAT/lSUMHR, SUMMER, MPP0,MLQ0,»'LF0,MLF1 ^^-l FN,HPPN,MMT,MFAC15I')Onno 

*#IRl»IWl,IH2,lw2,lLPl(30).UP2t30),JLP(50),LFPP(30).JCU)T(30),lHSQU15?0 000 

*»IHKCE,IHMLO,IHTK,IHTG,imAL.lHAMT,IHOLF 15^1 00 

C0HM0N/INLAWB/KK(2t)),lWlNT»lHlNT2,ISUHM,It-FAC,TSCliAN,inuMP, 152PO0OO 

«CONF(30).CAP(30),CTffAfJS(10,30),CTHANL(10,?0),CT(-iflNP(10,?0),')C 1 n ) , I i b^ 3 n o 

*DSOL(20),ZSOL(20),MTwo(30).HAP(i0)«OLObAR(30)»KTkANS(10,30),KTRANPl5?400O0 

*(10,20) 15?50000 

C0MH0N/ACONVH/NAMSWC(10),NiMFAC(30) 15'?^00U(1 

COMMON/Rt ALB/SC ALE, DISTNS ( 1 0, 30), DISTNL ( 1 0, 20 ),n I STNP{10,ao).VRFO( 1527 0000 

*30) 15PR0000 

COMHUN/LOGIC6/NrJ(ib).L0 WMM(13), 15?^0 0() 

* NOBLOC(900),lNC(30),COND(a),MSETl30)»SUPF(30) 1530 00 

1NTEGERIH(20),)(,XSI 1531 OOOO 

LOG I CAL SUMMER, MPPO,MLO0* MORE, MLF0,L01 153^0 00 

EOUlVALENCt(lH{n,INTH{l)) 15330000 

D023I=l ,NFAC 153uoono 

023 LS(n=0 153500110 

LNBOLsO 15360000 

MBLK=5 15370000 

IF(SUr^MEW)MBLK = 7 15380000 

L=H-1 15390000 

IF(SUMMER,OM.CMPP0.ANO,MLQ0))GOTO?afa 15iJOO00O 

n=N-MHT 15iJ 1 0000 

D02««I = l, I 1 15U20000 

D024«J=1,L 15^50000 

IF(X(J,I),LE.0)G0T02U0 15ya0000 

X(J,I)=(X(J,I)*IhFAC + lHlN'T2)/lWlNT 15^5000 

0?UH CONriNUE 15^60000 

QZUb LNBLK=L-LNnOL 15^7 000 

IF(LNPLK,GT.HRLKlG0T02a*)3 15UP0O0O 

MORE =, FALSE. 15ii^000O 

G0T0a«7 15500000 

2^63 MORE = . TRUE. 155 i 0000 

IF(LNBLK,GT.8)G0T02«66 -' 155P0000 

LNftLKsMBLK 15530000 

G0T0?(*7 155M00OO 

iabb LNBLKae 15550000 

0247 LNeLK2*LNBLK*2 15560000 

IF (SUMMER )GOT02« 71 ' 1557 00 

LNH=LNHLK2 15580000 

GOT02«72 15590000 

2fl71 LNH = 2*HAX0(0,ISUMM«-.LNBOL) 1560000 



IF(LNH.EQ,0)GOTO2/47ti ISfc 100 00 

2*17? D02ii73I=2,LNH,2 !S6?on(in 

IH(l-n = IHSOU Ibb^OOOO 

2073 IHCDrlHttCE Ib^yOOOO 

IF(LNH,E<J.LNfHLK2)liOT02y7*> IbfeSOOnn 

2a7« K=LNH+2 !5febOnno 

LNH=LhRLK2 tS670000 

D02«7SI=K,LNH,2 IbfoBOOOO 

IH(I-1)=IHHLD 1S690000 

2^75 IM(I)=1HTK 15700000 

20 76 IF (HOWE) GOT 02 8 15710000 

IH(LNH*1)=IHT0 1S7 20000 

LNM=LNH+2 15730000 

IH(LNH)=IHTAL 1S700000 

IF(SUMMFH.0R.HPP0)G0T02aft lS7S000n 

1H(LNH+1)=IHAHT 15760000 

LNH=LNH+2 15770000 

IH(LNH)=IHOLF lS7fl0000 

206 HRnE(lHl,bOei)CIH(I),Irl,LNH) 15790000 

K=LNH0L+1 15800000 

LNHOL=LNbOL*LNHLK 15810000 

hHITE:(IH1.60B2)(lLPUn,ILP2(nrI=K»LNeOL) 15820 00 

D026J=1,N 15830000 

J1=JLP(J) 156OO0UO 

J2=JPUT(J1) 15850000 

0n25I=K,LNB0L 15860000 

NL(n = ISCUAN*X(I.J) 15670 00 

0025 L3(J1 )=LS(J1)+NL( I) 15880000 

IFCMORE)GOTO?52 158<)0 00 

1F(SUHMER.0R.J1,GT.MPPN)G0T0251 15Q00 00 

XSI=(If IX (FLOAT (LS(Jl)}*VRtD(J2)*l.El)+5)/lO 15<J1000 

I1=LFPPCJ1) 15<520000 

LS(in=LSin)*XSI 15^30000 

H=JOUT(in 15<?«000n 

WRITE(IW1,6091 )J2,^JAHFAC{J2). (NL ( I) , I =K , LMBOL ) ,LS ( J 1 ).XSI,I1 15^5000 

G0T026 15^60000 

0251 rtRnE(IWl*6091)J2,NAMFAC(J2)» ( NL ( 11 * I =K , LN80L ) , LS ( J 1 ) 1597 00 
G0T02b 15980000 

0252 WRITECIWl ,6091 ) J2 r NAMF AC ( J2 ) , (M ( I) . I =K . LNHOL) 15990000 
Ztk CONTINUE 16000000 

IF (H0RE)GDT02a6 IbOlOOOO 

IF (MLFO.OR.LOl ,0H. SUMMER) RE TURN 16020 000 

hRlTE(Ii-l,6092) 16030000 

0027J=MLF1,MLFN IbOUOOOO 

Jl=JOin(J) 16050000 

027 WRITE Clwl ,6095) Jl ,NAMFAC(J1 )#LS(J1 I6r,b0 00 

RETURN lb07000n 

6061 FORMAT (1H0.23X.11(^X,2AO)) 1609000 

6062 FOHMATdH ,17X,bHFR0M//, ly. A5,H(I5, AS)) IblOOOno 

6091 FOWHATdiH TO FACILITY .I?,*5,3H.. ,10110) IbUOOOO 

6092 FORMAT (SaHOTPTAL VOLUMtS RECEIVED BY ALL-YEAR DEADEND F AC U 1 T lES/ ) 1 b 1 2000 
6093FORMAT(lH,luK,I2,A5,n5) 16150000 

f^40 - 16100000 

SUfiR0UTIN'EM2vEC(MTwl',NF) IblSOOOO 

D1MEN3IUNMT»*0(NF) IblhOOOO 

HThO(1)=1 16170000 

jr^F-l 161F00OO 

[,011 = 1, J 16190000 

1 MThO(l+l)=MTrtO(I)*MTHO(I) 1620 000 
RETURN 16210000 
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SUBHnUTINtlHANK (NU"SET,IOf>nE:R.NUMHF W) 

OlMtNSinNNUMSf T(NU'-HfR),IO«OEP(NUMhtR) 

L0G1CALCH4NKE 

D01003L=1 .NUMhtk 
1005 IONrJtR(L)=L 

IF(NUMHEH,E0,1 )RETHRN 

IsNUKHEK-l 
100« CHANUFr.KALSE, 

001iiObL = l»I 

L1=L+1 

J=rOWDEH(L ) 

Jl=T()RntR(Ll ) 

IF(NIIMSt T(J) .LE.NUMSEl (Jl))GC7C100b 

I0KUER(L)=J1 

lOWDF.RCl.l )=J 

CHANGES. TRUE , 
lOOS CONTINUE 

IF (CHANGF JGOTOl 0(iii 

RETURN 

END 

SUBROUTINEOECODECJOUT.NFAC, lD,mH(),NF) 

OIMENSiriMJOUT(Nr),MTKOCNF) 

J = NF 

K = NF 

t)020I = l ,NF 

IF(MThO(J).GT ,IO)GOTO?0 

JOUT(K)=J 

K = K-1 ,^, 

ID=]D-MT1^0{J) 
0020 J=J-1 

NFAC=NF-K 

00501=1 ,NFAC 
0030 JOUl (I )=JOUT(I+K) 

RETURN 

END 

FUNCT JONNOLIM( I ) 

NULlMzO 

J= ( 1 0* IHC'NND (J))/^ 
0010 Nt)LIHzNOLIM + J 

IFtNOLlM.LE. nGOTOlO 
RETURN 

END 

FUNCTIOMRdUMO(N) 
1 = 10 
0010 1F(I.GT,N)GOT00020 
1=1*10 
GOTOOOIO 
00^0 IRUUNn=I/10 
RETURN 
END 



l6??on(,o 
l^(?ao^^')0 

ib^honno 

1 8 ? fl f 1 n n 
1629 or, 
1650 000 

16310000 
lh3?O0O0 
lh550i>O0 
16 3^0000 
1h3S0(i;)0 
165601100 
1 6 5 7 n ,"> n 
16 58 

l6J9onno 
I 6^00000 

1 6 u 1 
16U20f'O0 
1 ^i/i3nono 

J 6 U U 
16'JS0PII0 
16^1600 
1 6 'J 7 n 
1 6tiP00O0 
1 6 i( o n 
16S000O0 
1 6S1 000 
I hS200O0 
1 6 S 3 

!6saonoo 

1 h S 5 f ) 
16S600O0 

16^7000 
l6SH00;if> 
1 b S 9 
16600000 
166 1 000 

1 6 6 5 n 
l66''jnono 

1666000(1 

16670000 
1 6 h P f I 
166^001)0 
167n00uU 
16710000 
167?00on 
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APPENDIX VII 
SAMPLE PRINTOUT FROM ALL02 

These are excerpts from the printout from one run containing 
three data cases, namely run no. 16 of the Niagara Study discussed in 
Chapter 7, section 2. The printout is fully explained in section 2.5 
of that chapter and it is typical of all printout obtained from ALL02. 
We have indicated the end of one excerpt and the beginning of the next 
by wavy lines across the printout. The first data case is shown in its 
entirety. 

With ALL02 as listed in Appendix VI, the printout has one 
difference from that illustrated here: tables of transport cost informa- 
tion (for example on the 2nd to 5th pages of this printout) are two- 
thirds as wide and 50% longer than shown here. For the Niagara Study 
we simply increased the field repetition factors in the appropriate 
format statements to taken advantage of the wide printout paper available 
to us. 



TTfr"^^^^-^^ I I ■•"' iwimsif I I--- -^''TT "T-T--^ i^ii'i i"Trr » 



'■>«"^^' I I ^■' w^iwpi." If I I 



BEGUMNO ALLC* 

MAtjflKfi OATi S=T NJ'-IBiH T/iG - uS IN(i VRFD PLANTS ALL YEAR 

NU^SER OF SJuKC S "- 
NUfScR JF FACIL 1 T I rs 

SlJ^'^'^R i)("AD-"NJ 3 

ii.L-¥t:;.5 IM.: ■< -1" jIaT;; o 

ALL-YFfiR [;: AJ-til'.i H 

MINT' K STGKA'JP R 



SCLPCE NAMES U:FC A'*! 



1 


r.f L\ 


? 


PrtDH 


J 


■,FLS 


^ 


F-i- I 


5 


PCC'f^ 


o 


i.LN3 



r,.MS-^r-LI.NCCLN ////IN THIS RUN 'hf LClAOlNG 

M,,Rr ^-^LL?? A.JD PORT DALHCUSIEt CCM6INE[< COSTS ASt HI&h=R... 

NM-iA^A FALLS ^LSO TH!^ VF SUF LI^'ITS 

^;,^: ^1,1^ AKE RAISED WITH TIMF//// 

pnsT CUL3URN6 



tsJ 


FACILITY NAME 


S USE 


U3 






CD 


: 


r=-LS 




? 


f.^^S 




3 


PCLS 




(. 


P .-. L S 




b 


CylS 




b 


FSLS 




7 


r,f-LS 




O 


rsLS 




J 


M n 




:.) 


• .'' CL 




1. 


p r. L- L 




\ z 


pj.l:l 




a 


CYCL 




i- 


Kli.CL 




'.5 


rtFCL 




IS 


c 5 r, L 




;7 


P[1VF 




In 


r,r VF 




: i 


/.DVr 




?o 


l-'l-T 




7 1 


riTK-T 




?2 


PCt'T 




^-i 


PAHT 




?i 


CYhT 




Z5 


"ShT 




iitj 


v^FhT 




27 


CSl-T 



AR 



L-'-JJSPKr 


A,T -T 


FORT FPIE 


L.'AJSPRi 


AJ AT 


N" 


THi^RfiY 


lt.-iJ^PA^ 


a J AT 


Pi' 


Kt COLBOBNE 


Lf \.:)SP.<-i 


4D AT 


PJI'JT ALbINO 


LAN)SP'Jr 


HJ AT 


CYASAMO 


LA.JJSPk'= 


AC AT 


PJ 


S'^DENE 


LAV JSPK:: 


ij ^T 


M^ 


INFlETT 


LiN.iS^^^i 


AJ AT 


C- 


IST-]^VlLLF 


n-Yl'j'j L 


AGu;l^ 


AT 


F.KT TH IF 


.i-vYl^o L 


-olU'. 


;-T 


r^: t- T M F .^ U Y 


[^KTi'JG L 


A'.-, J IN 


AT 


Pi).<T CGLBORNE 


ij'^yl'.j L 


H I J C N 


AT 


PLJim ALflING 


DP y; 'Jii L 


^■iL''1N 


AT 


CYANA-1ID 


OPYI'Ju LAGJOi-i 


AT 


P.jScUc'-j? 


OHYiNo L 


i^cnrj 


AT 


^aiwflf:! 


DkY:\G LAuOOr* 


AT 


ca: ST :r:viLL ■= 


VACJU^ r 


ilt:r 


AT 


HQfJ.T 0«Lh9USIE 


VACjJ'-I f 


ilt^^ 


AT 


r^lAuArtA FALLS 


V"CuJ^ r 


ilt:f 


AT 


w t L L A MD 


HitLDr-JG 


tank. 


AT 


FOKT :rie 


HllLJiNG 


TA\K 


AT 


Nf.TrtFPflY 


ni.lL "1 I ■Jij 


TATJK 


AT 


PoKT COLBfRNE 


mT l J ir:G 


TA'-JK 


iT 


PC INT ALP I NO 


M>.L.")I\G 


TA\K 


AT 


C Y A \ A M 1 


nL'L")I"-lG 


TANn 


AT 


k3S^'Jt>iz 


MTLOING 


T A\K 


AT 


nAlNFLcET 


nCLiilUb 


TANK 


AT 


CAlSTUr<\/ILLF 



ir'UTPUT TT F-'L S) 

(uUTPUT T 1 \-t S) 

(OJT'JJT TO °:l.^) 

(DUTPUT TJ PAL 5) 

tOUTPUT TQ CYLSJ 

(OOTPUT TJ ^SLS) 

(OUTPUT TO H"i S) 

lOoTPUT TO CSLS) 

[GUTJJT TO F-LS) 

(OUTPUT TO CYLS) 

(OUTPUT TO PCLS) 



TRAVELLING FACTRP 0.0 

gj*s« 'ag^ao , maxsol= ?.:> 



CASE NUMBEH I 



DATA CASE Fa« 1974 






AN\LAl. PROOUCTION AT SCUf^CES 



FACILITY PARAMETERS 

1 F^LS 

i fJ^LS 

i PCLS 

<- PflLS 

S CVLS 

h RSLS 

"f «rLS 

i CSLS 

9 FE-iL 

10 NEni 

n PCDL 

12 PAUL 

13 CrCL 
'* RSOL 
15 



1 GMLN 



17 31^ (/h 

18 \ri/F 

?0 FfHT 

21 NfHT 

2-? ?ChT 

2J ?.'-:-( T 

r*. 'lyMT 

'5 •■JSmT 

?r «FhT 

27 CSriT 

LlSLF=i wINTFkiD.5 3O0J30O 



1553000 

22Z2^??2 

2l!)000n 

(.2121712 

i.Zll2.2ll 

2S3JJ JO 

qOOJaJO 

35o0jJ3 

*; ] oa i") L, n 

•i-OOOOJO 
900.^0^0 
•iOOJU 10 
s Jjj JJO 
5^0)0)0 
^^5JO00 
Irt.^jOJO 

2?2 22??? 

2tZ^3222 

:2^2^^2? 

Z1222222 

12111212 
22222112 



332000 
C^*.OjO 

CONF 

































300, J 

3000 

3000 

3000 

3000 

3000 

3CU0 

3000 

3000 

-'000 

30iJ0 



2 


p«nH 




6 


WIND 






CDMV 





.0 




1 


.500" 


-03 





.0 




1 


.5J)F 


-0 3 


3 


.50Jfc: 


-0 3 


3 


50jc 


-J3 


3 


.S00 = 


-03 


3 


^00!^ 


-03 


5 


2?;e 


-03 


1 


300 


-02 


5 


222? 


-03 


1 


300^ 


-02 


I 


iOOF 


-02 


1 


30 OE 


-02 


I 


30DE 


-02 


1 


300F 


-02 


























1 


jcqp 


-01 


2 


30i.- 


-0 3 


1 


5--5C 


■03 


2 


30^ F 


-03 


2 . 


30'.= 


■03 


1 . 


30",.= - 


-0 3 


2 . 


JO't;:- 


03 


2. 


SOS-F- 


03 






3 NFLS 



HCDE 3F OlSTft I3UT1C'J COST A-iRar CALCULATIOry IS inST 

MALL^GE FOO.HULAS .... 

1 CCST PlP. unit VCLUI-r = 3.OOO0E-03 PLJ: 6.JJ0Qf-0-> TiN-'S TRiP L^NOTH 

2 fCST ^E^ UNIT VCLU.ME = 0.0 Pujs 7.2j00f-05 Tl^fS Tf-'IP l^^^OTn 
J CC5T f£R UNIT VCLUMF = 0.0 PLUS 1.5000f 00 Tl^FS TklP Lr;.oTM 



DAfF 































3 

35000 

J5J0J 

35JU1J 

200 

200 

?00 

zzo 

P-00 
200 
2 0J 
200 



^'•'.oOOO 



OAMV 



4 FCf. I 



B'-Jjj 



0.3 




■ .50 0- 


-03 


0.3 




: .'-oo' 


-Oi 


1. ' 00' 


-OJ 


' . •^00'' 


-J3 


1 . '.00' 


-J3 


1.^00- 


-Oj 


^.680' 


-06 


r-BOf" 


-Oj 


- .^eo"" 


-06 


2. 80^ 


-03 


2.f>rfi- 


-Jj 


r . -1 r " 


-Jj 


2. rtOi' 


-Ji 


:; -oi)^" 


-JJ 


!.03; 


-J2 


1.T73F 


-02 


;■ . 6 ■ '. ' 


-02 


7.^0 0'- 


-03 


7.*.00' 


-Jo 


7.'.00' 


-Oo 


7.'.oo: 


- j tj 


7.i.oj" 


-Jo 


7.iJC^ 


-Jd 


7.-00" 


-0 = 


7.'^00:" 


-Jc 



USING HAULAGE FORMULA.. 
TO FACtLIT Y 1 fS.G¥ SJU-CF 

us:^c MAjLACE fcpmcla.. 

TO FACILITY 2 fRHt* SuU^^CE 
USUG HAULAGE FCRML/LA.. 
TO FflCILITy 3 FBOH SGUKCi- 
USINC HAULAGE FORKL,LA.. 



VKFD 



J.O 




0.0 




J.J 




O.J 




J.J 




J.J 




0.0 




J.J 




i . (J 1 ) ; 


-0' 


i . ■) L 


-01 


^ .3ijor 


-0" 


i.^^.JO.- 


-0. 


*. . ^ J f 


-OJ 


:..6O0' 


-0- 


;^.i!00' 


-01 


( .3^0^ 


-0! 


0.0 




O.J 




J .J 




i . J J ! 


O.i 


1 . JJJl 


V, ) 


..ooof- 


00 


...JO )' 


JJ 




O.'I 


I.jlOi 





. . juor 


) 


i.iJOO 


OJ 



UNI TfiirS UMJ Vf.k i Li'Ml T ;-/..':'; uMT v.iu i 

DISTAMCE Pn^T CnST AIJLE CTST CISTArjCF PfRT C:)5T ibiF- COif ■ i^TA-CE 



PMnT Ci'i", ;.OL" V,l.il 



2. lJ;j 
J. 2667 



I. 7500 
O.Bfab? 



1.9300 
1.73 j3 



O.JUt 
0.0076 



0.016^ 
0.011.; 



0.0177 
0.0^ t^ 



0.0n6 2. l.'.J JO 
0. j07o 5. 1 .31 J; 



o.o;' 5 :-. : . soon 

0.0132 5. Q.-iiyi 

i 

O.O' 77 2. 1 . 7o67 

o.ori'- b. J. ^0.10 
i 



J.Ol-^ 
. 1.1 ■ '■ 


0.01'-^ 

0. o:-3 


J. 

1 


J. tjjO 


0.0' . '■ 
0.0 'J 


-J.J . - 

J.O -J 


o.o:5o 
o.o:u 


0.02 00 

. y. to 


-b. 


- .20JJ 

J . tiOfJ ? 


O.O, ?: 
o.o; oj 


. u n .. 
J. J , ^ J 


0.0' 66 
0.00'-. ■ 


0.0' tj'j 
O.OJS- 


1 


■ .&:,o7 
O.LjOOO 


0.0 to 

Zi.ao-^o 


J.J i J 

J. jjvj 



■ ^ w^W ff tP*^ 



o 
o 



ri f;.ciL:TY 4 Fsp** SD'j"':? 

TG FiCILIT' 7 Fa';* S!'>UOCE 

USIf.O M.-.yLSGE rUIKtLA.. 
T'^ F£rillTy Q FTW S'-UfCr 
USING HA.iu.'^Gt fOP»'OLft.. 
T" FiCILlTV 10 F«Uf SOUOCF 
iJSING MiJL43i: FO'»''l;Lli'.. 
TO FiCl'ITY :: FBUM SOU^CF 
US!MO MiJt.lGE FrwCLfi.. 
Tf fsCIlITy U "="!)*' S'JUKC" 
'JS:%G tiuLlo? F'^P.-^LL*.. 

Tt Ficiui''* '3 Fo'* s;u-.ce 

USI'.C HiULAGf F"!;wuUA.. 
T:' F£CItlTY 1'* Fi^nv SJU'^CE 

T'J KACUITV \= FPTf SOlJI^Ct 
USING Hiul.'.G« '-Oa»'Ut.a.. 
TC FiCILlTV 1* =^"'' SCUHCF 
USr,ii NAUUCE fJ°KwLa.. 
TO F/CIL!TV IT ■=^0" SOU^.Cf 
U5I^G MAi;L.iGc FnDvi.,Lfl., 
T'l '=iClL:TY 18 '='.^>' 'iOU'lCF 



1 






1. 


2.1") 00 


0.0' E6 


7 


l.-iOCO 


0.0144 


1 






1. 


1.7)0: 


0.0!.t2 


1 


l.'.-jb? 


O.Ol'^P 


i. 


O.«300 


o.oioa 


1 


1.^5 00 


0.0177 


1 






1 . 


2,UJ0i) 


o.o: po 


/,, 


i.-sjas 


0.017t 


1 

i. 


i.*66r 


0.01' e 


** • 


2.SJ0J 


0.0?: 8 


1 






1 






1 . 


2.10 00 


o.o:66 


(t. 


0.^667 


0.0076 


1 






• 






1. 


1 . 75 00 


0.0U5 


't. 


0.8^67 


3.01:2 


I 






I 






1 ^ 


1 .95U0 


0.0177 


< 


1.7333 


O.Ol**' 


1^ 
1. 


2.1JO0 


O.OlPfc 


■>. 


1.40J0 


0.01' 4 


1 
1 






I. 


: . irtQo 


0.0162 


4 . 
1 


l.ibtT 


0.OK8 


1 
I.- 


0.? )0J 


0.0106 


'• • 


:.950J 


0.0177 


1 






1 






I . 


2.0')0Q 


0.0' eo 


4 , 


1 . a 3 3 3 


0.0176 


I 

1 






1. 


l.4.f)67 


0.01^8 


■t • 


c.gjo:) 


0.0228 


1 






I 






i - 


1.1^33 


0.0'2P 


t . 


1.7000 


0.0162 


1 






\ 






L. 


i.a^fc? 


0.0172 


~ . 


1.2T0J 


0.0: 35 



0.0: 36 2. 1 .9667 
O.Olfl'V b. 0.6S67 



o.o::2 :. 1.^333 

0.0 l^H '>. 1.20 00 



0.015B 2. 1.50 00 
0.a?2T 5. 1.5333 



C.0^30 2. 1 . 8000 

0.0226 5. 0.5333 

1 

O.Or?" 2. 2.6333 

0.0276 5. 2.6657 

1 

1 

0.0:33 2 . 1 .^0 00 

0.012H 5. 1.3333 



0.0323 2. 1.5JO0 
O.>)?70 5. 0.93 33 



0.0?29 2. 1.7467 
0.0216 b. O.-tOOO 



.034'. 2 . 1 .9667 
0.0J02 ;. 0.t667 



0.0'f ZO 2. 1 .43 3? 
0.0306 t. 1.2000 



0.0266 2. i.50JO 
0.0335 5. l.S^J-* 



0.0339 2. 1.8000 
0.0334 5. 0.53J3 



0.0306 2. 2.6333 
0.0396 f . 2.6667 



0.0:31 2. 0.00 30 
0.0265 r. 1.6JJ0 



C.O349 2 . 1.06'-'' 
0.0/12 ti . 1.6it00 



O.0I7r 
0.0100 


0.O22R 

o.;'50 


3. 

1 


2.UO0O 


0.0' ?0 
0.0132 


o.OtiJ 
J. J.O,: 


0.01^6 
0.0132 


0.0"«6 

0.01?2 


1 
3. 

6. 


J.dOtJO 

0.5jiJ 


0.0" 02 

3.00<:2 


0.0 :jo 
0.0 i-d. 


0.015J 
0.0152 


0.0200 
0.020? 


J. 

b. 
1 


1 . 460 7 

1 .1333 


0.0' 4« 

n . : 2 e 


O.J )o 
O.J. 7o 


0.0'(,9 

0.00O2 


0.0?1« 
0.0142 


b. 


i.7333 

0.93jJ 


0.0" t4 

0.011* 


. J 2 . * 

0. Jlti 


o.02ia 

0.02:0 


0.02f-S 
0.0270 


3. 
b. 
1 


t.<:6b7 


J. 02" 6 
0.0: 96 


J. J.t6 

J.J^>.6 


0.0'4'. 

O.OitO 


0.0196 
0.0192 


1 

1 


0.90l'O 
1. iiii 


o.n: 4 

O.Ol'^O 


0.0 9^ 

t,.jl.2 


3.01^0 
0.0 16 


0.030'? 
CO.- 74 


1 

J. 

6. 

1 


1.200J 

J .OOJO 


O.OJ 31 
0.00: 2 


J. j:vj 

.J. Tj 


0.0' 66 
J.COf* 


0.02:5 
0.0136 


3. 
6. 
I 


. .60-37 

J. 5J0J 


0.0' to 

O.OO'^O 


O.Oi.2 
J.Jl-2 


0.0 17 B 
0.0:00 


0.0336 
O.0:'5 9 


3. 
6. 
1 


2.0000 
1 .^ JJJ 


0.0; eo 
o.o:3? 


u.JJ-d 
J. Ji^J 


o.o:46 

0.0132 


0.0304 

C.0293 


1 

3. 

6. 

1 


J.6J0J 
0.53J3 


0,0' OS 

0.00^2 


O.Jita 

0. J^3j 


0.0150 
0.015? 


o.03oe 

0.03! 


J. 

6. 

I 


: .46t,7 
i .i333 


0.0!'-'" 

o.o; 2i 


0. Ji J3 
J . J_=a 


i) . ; 6 3 

0.00'>2 


O.T>26 

0.0250 


1 

J. 
6. 
1 


1.7333 
J.9JJJ 


O.O' 64 

O.OIU 


0. J Jti, 

0. J^/". 


0.0218 
0.02i.O 


0.0376 
0.0378 


1. 

3. 
6. 
1 


t.4 6b7 


0.02 t 

0.0: 96 


J. J37^ 

o.jj;>v 


o.Oi;*-5 

0.3156 


o.o:*.e 

0.025? 


6. 
3 


. -OJOO 
1.2097 


0.0: 20 

0.0 136 


U,01^> 
0.0^ it 


0.0U4 
0.0-56 


0.0301 
0.03 3 3 


1 

3. 
6. 
I 


J.O 

i . 06t>7 


0.0 

0.0:24 


0.0 77 

U. Jj J. 






T'T ^iClLITY :9 ?5-» SOURCE 

TC f^aClLIT^ 20 r=rv SJUKCc 
USING HaL^iL4&>: FOBMULi.. 
TC FfiCILITy 21 FRCV SOURCE 

L"^^ !•.:; H'uL iot p :ovuLa. , 

'~ FACILITY 2h =?r;u S.J'jnrc 

T: F:.CILITy :- -^K'f/ S'l^U^CF 
'JS:',r, HAoLiGE FC-^mi;^^.. 
Tl; Ff.iLITr ^'. f;;!v sju'^C" 
L; J !*■: H-'.ji .1GE '■ct^L.LA., 
Ti: FiciLITy ?7 P = c•^. source 

us I\C. MALL'.GE "L,c^■ULe. . 



I- 1.65 00 



!• 2.1 J 00 

*• 0.2667 

1 

1 

1. 1.750.J 

t. 0,S-j6 7 

I 

1. l.KOO 



1 



2. J GOO 
i.4J0J 



1. 1.7Jnj 
■'• 1.46fcT 



0.8000 
i. 9S0O 



2.0300 
'- 1.^333 
I 
1 
1. 1.4i67 

^. 2. a J 00 

2 
t. 



O.''50J 

23. o.yoao 

^b. 1.5333 



USING hajl.'.'-jF fgcvula.. 

i. 

T:) FflClLlTy 2 FPPM MCIUTV 2^. 0.7333 

23. U,730J 
~6. 1.5333 



USING HflULflGf? PJOVLLA.. 



L 



TJ FiClLirr 3 ^cnv FaCILUr 20. 1.3333 

2i. 0.'J133 
2 6. 0.5331 



USING HAJLJGT f?fi^'L'Li.. 

T- F,-ClLITy 

I'S ING riiuL iGF F':;;,vut.a. . 



4 F^.p^- F;:iLi:y ^o. o.sojo 

23. 0.2300 
2<'- 1.8000 



o.o:?9 

O.Olts 



0.0 let 

0.0076 



0.0!65 
0.0U2 



0.0177 

0.0:^64 



0.01 et 

O.0U4 



0.0162 

o.o'-^e 



0.0", oe 

0.0177 



O.OIPO 
0.0176 



o.o'^e 

0.0228 



0.0 300 
0.0? 08 
0.0152 



O.OIO-V 
0.01C2 
0.0' 52 



0.01 io 
0.0} ' b 
0.00O2 



0.0108 
O.unOO 
0.01^ 6 



0.0*.20 
. O'- 3 o 



Z. 



! .3333 
O.bOOO 



0.0200 2. 1.4000 
O.OO'^O : . 1. 333? 



0.0' ae 

0.0135 



0.0191 
. ; 7 = 



O.OIOi) 
0.016 7 



?. 1.50 00 
^« 0.'5J35 



1. 7667 
0.^0 00 



1 
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TO 


FAC IL I lY 


10 


-J f n L . 


a 













TO 


FAC IL ITY 


1 1 


PCHL. 


ij 


>a 








)m 


TC 


FAClL ITY 


' i. 


PAOL. 


^ 











i 


TO 


F/CIL ITY 


13 


C YCL. 


f 


■0 








TC 


FACIl ITY 


'4 


rsDL. 


n- 


1 










TO 


FACILITY 


) b 


W F 1") L . 


!J. 


# 










Tr 


FAC ILITY 


■6 


CSDL. 


J 


6 










TO 


FflCiL ITY 


1 9 


hLVF. 


J 













TO 


FACILITY 


20 


FFHT. 


3 


5523J03 










TO 


FACILITY 


21 


^i *" H T , 





J 










TO 


FACILITY 


22 


PCHT. 


'tOQOOO 


847000 










TO 


FACiL ITY 


24 


CYHT. 


J 


166000 









TOTAL VARI AbL? COST 
SYSTEM COST TOTAL SO FAR 



946-^ 



145443 



SU^'PFR PDRTICN np SySTFM 



SLUDGc OISTRIbUriON PATTERN 



TO 
TC 
TC 
TO 
TO 
TO 
TC 
TC 



FACILITY 
FACILITY 
FACILITY 
FACILITY 
FACILITY 
FACILITY 
FACILITY 
FACILITY 



FrtCM// 
FfLS.. 
N ■ L S . . 
PCLS.. 
PALS.. 
TYLS.. . 
PbLS. . 
wFLS.- . 
CSLS.. ■ 



SOURCE 
i liMLi-* 
) 
') 
J 


1 660 J 





SUURCr 

2 PwOH 





456000 



3751000 



Q 



SOUPCF 
3 NFLS 




1224000 





SOUJiC*^ 
4 FTRI 

9200) 
J 



■:0^ 



Sf'URCf" 
5 PC^N 


44 7000 





SOUi^CF 
6 uLND 
J 

*t00000 








STOP AG F 

20 F^HT 

' 550000 





^°7 3000 











STORAGE 
2^ PCHT 



647000 





«i: 



l^W^ 



fr-7y.// 



t: 


-'iriLlTY 




*■ ' 1 ""^ . . 


TZ 


f iC:L ITY 


2 


'v - L J • • 


T'. 


t-UClL ITY 


3 


f^CL S. . 


t;^ 


l-iClLlTV 


4 


PfiLS. . 


T~ 


f^ciL :Tr 


5 


r VLS. . 


TC 


F i C ! cl T Y 


6 


RSLS.. 


TC 


FJCILITV 


7 


-FLS.. 


TC 


FJCiLlTr 


3 


CiLE.. 



ST Jr^aGE 


TPTfiL 


■V C*hT 






l5-> 1 n.i 




Tl-jJ.) 




21S3JvJ 




i'.7?iJU.) 


.■.OoOOJ 


d1*;ojj 




166JO0 








TCTIL V-klAbU" CO;;! 

bY .Ti'M COST TJ^iL 



'5=1 i-. 



120'; <54 



• »•*« DATA OU^IP CCI^PLETlD il rACS = T' 



1303 



'A 



///////// i FiClLiTY Su^5FT IS hflN'i 30NF »4lTM NETCUT. THIS IS "M" ISO.) TH. SJHSET IK Th-- iU-VLf. 

fACUiTY NAMFS ^ . ^ 

SLJ'-'i'iR CiiC-^Nu 1 FCLS 2 ^""15 3 PCLS 4 PflL;; 5 CYLS 6 P.5.LS 7 nrLi a TiLS 

ALL-yFAH CEAJ-ENO <> FfUL 10 N'^I'L M PCOL :2 >'iiJl. 15 CYOL ' *■ =1SLL i -f^L lu CSlL 

rtINT = s £Tr.= iJc 21 NFHT 23 PAH' 25 SSmT 27 CSH'^ 



.' t-l VF . -J in.^*r 



TOTAL Fueo c:isT 



ee^oo 



,l^TE:rt AND iLL-YEAB PtikTICNS JF SYSTeM 

iLUl-tit; OlSIttiajTlON PATTFi<N 









5-:j.!kCn 


snuKCE 


50l;ccf 


SCUF-CF 


SLJ^Cr 






FH'^M// 


i GML^^ 


2 P^PH 


3 NFLS 


* F'RI 


5 f^C^N 


T.: FiC !L ITY 


Q 


■^f: l . . 











: 8^000 


) 


TC FACiL nv 


' 


r. - :■ L . . 


.a 


3'. 











TC FSCILIT/ 


P 


CCOL . . 


:I>1 








l) 





TO FACUITY 


• 2 


PADL.. 





^ 











TC FACIL ITY 


1 ^ 


CY'L.. 


a 


3 





J 


J 


TO FAC ILITY 


■ 4 


^SI:L.. 


■9 


a 











Tr FACILITY 


15 


i^F'.L.. 


'd 


3 





.1 





TG FACILITY 


' ^ 


C$[-L.. 





f) 





I) 


J 


TC FACILITY 


■.7 


prvF. . 





5900000 








J 


TC FACIL ITY 


! 3 


AuVF. . 


J 


J 


C 








TC FACILITY 


2' 


^. ^ h T . . 


.) 


1257000 


UZ^tOOO 








TC FACILITY 


23 


PAnT.. 


'J 








u 


^-7 000 


TO FACILITY 


a 


RSHT. . 


16b.}J.J 














TC FACILITY 


27 


CSMT.. 




























S^tKC^ 


TCTAL 








^^C^/ / 


6 wLNO 




TO 


FACILITY 


1^ 


FC'a.. 





ISiJOO 


T G 


FaCiL ITY 


^ J 


r, c n L . 




■il 





TO 


FACILITY 


) \ 


P C P L . 




■0 


4 


TC 


FACILITY 


1 2 


p •'. :• L . 




^ 


a 


TG 


F 1 ■: 11 ITY 


" 1 


r vf'L- 




■■2 


0. 


TC 


FiCiL ITY 


l^ 


PSrL. 




3 


■3> 


TC 


FiCiL I'^Y 


• e; 


^f-:'L. 







a 


Tn 


F A C : L MY 


"■ ** 


c :■ 1 L . 




J 





TC 


FiCIL ITY 


' 7 


PCVF. 




J 


59 3 JO 00 


TC 


fa: il:ty 


■ Q 


V. C V F . 







■") 


TC 


FACIL ITY 


21 


fjPUT, 




40 000 J 


2631JCJ 


TG 


facility 


?3 


p a H t . 




D 


4^^70 00 


TC 


F.*-r :l ITY 


'■y 


i=ShT. 







15^0U0 


TC 


FAClLl r Y 


27 


CSfT. 




^ 


J 



TCTAL v;^PMBLE COST 
SYST = y COST TOTAL SO FAfl 



1 /♦?- i^ 

2J- Q^e. 



SU-'.xe'? P-IR'ICN "li" SYSTo'-l 



SLUDGE TISTmBUTION PATTF^N 



O 











S' 


u^cr 


SlJU^CF:" 


SOURCF 


scupc: 


SOU'^CE 


STCKAGn 


STO'^AG 








FROM// 


1^ 


Gf-LN . 


2 PWHH 


3 


NFLS 


5 PCHN 


6 HLNO 


? N'^HT 


23 PAHT 


TC 


Fi'ClLlTY 


I 


FCL S. . 




J 
















I 5 50000 





TC 


FACILITY 


2 


^lFLS.. 




■) 













'J 





,# 


rc 


FACIL f TV 


-\ 


'"' C L S . . 




J 


1257000 







4^7000 


tOOOOO 


H60O0 


3 


T- 


F A L : L I T V 


L. 


P ^ L S . . 




J 


J 







> 





:2 350ui) 


'!.-7 000 


T" 


FAC IL ITY 


5 


Cyi S.. 










122^000 


a 











Tj 


FAC ILITY 


6 


^ SL S. . 


16 60 a J 










J 


0' 


.^s 


4 




FACIL ITY 


7 


1^ '- L S . . 




■) 


>) 







^ 


3 


,0 





TC 


FAC IL ITY 


'J 


C5I S. . 
F«CM// 


ST 
25 


RSHT 


TCTAL 




© 


iJ, 


a 


;j 


i 


TC 


F ^C ILITY 


1 


F " I S . . 




3 


153 0300 














TC 


FAC IL ITY 


2 


N f L S . . 




J 

















IC 


FACILITY 


3 


PCLS. . 




") 


2 150000 














TC 


FACIL ITY 


^ 


PALS.. 




.) 


i73rj03 














TC 


FACIL ITY 


c 


CYLS.. 




.) 


i2''^000 














TJ 


FAC ILITY 


6 


'i SL S.. 


1: 


60 3 


3J2J00 














1 U 


FACILITY 


7 


ft "^ L S . . 




.) 


i) 














TC 


FAC IL ITY 


S 


CSLS. . 







Q 















"CTU 



VAK 1 AriL=: CCST 
SYST-M CCST T)TiL 



1 ■? 



A6^ 



'^f 



t/inUU A FACILITY SUBSET li 3EIN^ OCN^ rtlTM NFTOUT. THIS IS THr "500 Tn. SUOS-^T IN THf SJHVlY. 

FACILITY NA-irs 

SL^■Vf■t' r'AC--NJ ' F£LS 2 N^^LS i PCLS h P'-LS 5 CYLS 6 RSLS 7 «PLS B CSIS 

ALL-YiEift DEi,J-cNO 9 FTDL NEDL 11 PCOL 12 ?AOL 13 CYCL I<- RSOL 15 wruL lb CSDL 17 POVf^ lb 

ALL-YEAR CLAJ-tNJ 39 hOVF 

hlNT^e' STLlftAt.F 20 F?HT 2^ NFHT 2^ RSMT ?7 CSH"^ 

TOTAL FIXfD COST 126800 

HIKTER AND ALL-YEAP PORTIONS JF SYSTEM 

SLLDL.F. DISTSIdUTION PAT^eRN 



o 









s 


;uRcr 


S JURCF 


SOUPCF 


SCUPCC 


SOURC" 






FOOM// 


I 


G^LN 


2 PWDH 


3 NFLS 


^ FFRI 


5 PCBN 


TO FACILITY 


9 


Frr L.. 







Q 











TO FACILITY 


'0 


N-CL . . 




15- 


a 











TO FAC ILITY 


11 


P C !" L . . 




J 


4 








894000 


TO FACILITY 


1 2 


PAi)L. . 




O' 


a 











TO FACIL ITY 


13 


C>r-L, . 




* 


& 











TO FAC IL ITY 


?4 


RSTL. . 




a 











®; 


TO FACILITY 


15 


«FOL. . 







a 








3 


TO FACILITY 


Ih 


C S ? L . . 




: 


) 








tj 


TO FACILITY 


1 7 


POVF . . 




ij 


5900000 











70 FACILITY 


' S 


NFVF. . 




J 











1 


TO FACILITY 


1 9 


rtC V F . . 



















TC FAC IL ITY 


ro 


Fi^hT . . 




) 


1257000 


1224000 


92000 


a 


TO FaC iLITr 


21 


\t nJ . , 




3 








J 


a 


TC FAC IL ITV 


25 


»ShT,. 


1660JJ 


s 








s 


TO FAC IL ITV 


''7 


CSHT. . 

fr:"'// 


S 
6 


0: 

IJRCr 




TCTAL 








3 


TC FAC IL ITY 


9 


F",'L.. 




J 











TC FACIL ITY 


\ 1 


N F D L . . 




J 











TO FAC an r 


i: 


P C C L . . 




.") 


B'J^OOO 








TO FAC ILITY 


] I 


t' A L; L . . 




J 











TO FiCIL ITY 


' 3 


C Y '"■ L . . 




J 











T:, FACILITY 


Im 


2 s r L . . 




d 


4 








TO FACILITY 


: 5 


hFHL. . 




,vl 


t'. 








T- FAC IL ITY 


16 


C ? - L . . 




•■f 











TC FACILITY 


; 7 


t'CVr. . 




J 


59J0JJ0 








Tl FAC IL ITY 


' 8 


"'FVP. . 







J 








TC F:.CII ITY 


1^ 


<. C V F . . 




J 











TO FAC IL ITY 


2) 


f FhT. . 




J 


^ 5 7 ? ■ ) J 








TC FACILITY 


2^ 


N:"hT.. 


-* 


J 000 ) 


4 10001 








TO FAC IL ITY 


- c 


-^^MT. . 




J 


160 ) JO 








TO FACILITY 


27 


CShT.. 







a 









TCTAL ViKiaSLE COST li?'05 

SYSTEM COST TOTAL SG FAK 2699Q5 



SUW^fK P.HTICN CF SYS: 


















SLLIJ 


^:" 'MiTki 


buTi,- 


^ PATT 


^-Rl. 


















S 


J JK C :- 


S.IUSCF 


so 


uKCr 


SCURCE 


snu^c^ 


STC^AOe 


sTCPAi^r 








F ►J , J '■' 


// 


1 


GMlN 


2 P^'Oh 


} 


NFLS 


c F^RI 


:> «LNi^ 


i ) F; hT 


?' N-HT 


TG 


FACILITY 


1 


f TLS.. 









^) 







a 





' 5d00uJ 





in 


t-iClL ITY 


2 


^ ' L s . . 






J 










9?00) 


.1 





:) 


T" 


F /- . U I T Y 


1 


P C L S . . 









1 2-37. )U0 










'♦OJOO J 


-J. )jO 


^00000 


TH 


!-;.C IL ITY 


^ 


^ '■ L S . . 






J 


J 













933J00 





TG 


FACILITY 


5 


CYLS.. 












122 


-"•GOO 














TJ 


FACIL ITY 


ft 


^ SLS. . 




1 


■3 6O0T 


J 



















TC 


FACIl ITY 


7 


.sFLS. . 






J 


3 










■la 


i 


s 


TO 


FACILITY 


H 


CSLS.. 
F P G V 


// 


s 

23 


U 

TC'KACc 
ftSHT 




TCTAL 













b 


^ 


T.: 


F A - I CI T Y 


1 


F'L S.. 






J 


" 55') j.."i:i 














TC 


FACILITY 


z 


;■, !^ ;_ 5 , , 






J 


92;J0 














TG 


FAl ILITY 


3 


PCLS. . 






3 


2 15000 J 














T- 


FACILITY 


i 


PALS. . 









9 J )J00 














TC 


FAClLlTr 


5 


CYLS. . 









iZ^^JOJ 














TG 


FACIL ITY 


*. 


'^SLS. . 




:. 


i)5Jj.3 


33200 J 














TC 


FACIL ITY 


7 


kvFLS. . 






a 


Q 















TO FACILITY CSLS. 



TOTAL 



VARIA8L 
SrSTF,^ 



: COST 
COST ■ 



■70J59 



OTAL 



33996^ 



///////// A FiClLlTY SUBSET IS bEI.'.G DCmc rilTH NETCUT. THIS IS "'hF 

FACILITY NA^-'.FS 

SLMVL-P Ct"An-:i\D 1 Ff^LS 7 H1LS 3 PCLS 

ALL-YPAR JtAj-er-4rj 9 FCDL :0 fS'GL 11 PClJL 

wI.MTPR STGkAGIE 20 FFmT 22 PCh" 2^ CYhT 



bJJ Tri. SUhS'T ir 



PAJL 
li ShT 



TOTAL FiXFG COST 



2fa 



CYLS 
CYfL 
tsFhT 



t 



TH' 

RSCL 
CShT 



i J K V & V . 



27 
i;7200 



rt F^ ,. 



f bLS 
CSCL 



_ <- krvF 



p 



WINTER ANO ALL-YEAW POR'ICNS Gf-' SYSTEM 

St.UD,Gt I^ISTkI JUTIUN PiTTiTftr. 













S tuRC" 


S'DUMC. 


SJUKf 


SCUK" 


s;:uscf. 










FH'wM// 


I 


(JMLN 


2 F«OH 


3 NFLS 


4 F-RI 


5 PCBN 




Tn 


FACILITY 


9 


F r :U . . 













i) 







yr 


fa:. luirt 


' 


N'rL. . 




t 


-1 





i 


3 




TU 


f ACIlITY 


n 


■•^coi.. 













J 







Tn 


FACILITY 


' 1 


PAOL. . 




.) 
















TO 


FACILITY 


13 


CYTL.. 
















■3 




TG 


FACILITY 


1 i. 


*■' ? L . . 




J 


<i 








a 




TG 


FACIL ITY 


'5 


f*FCL. . 





















TO 


F^CIL ITY 


16 


*■ SHL. . 




J 








J 


J 




TD 


FACILITY 


^9 


« l" V r . . 




) 
















TQ 


FACILITY 


20 


F=HT.. 




J 


^207300 


1224000 


92000 


3 




TO 


FACILITY 


23 


P C 11 T . . 




3 


J 








44 7000 




TC 


FACILITY 


2^ 


CYhT. . 




u 
















TO 


FACIL ITY 


25 


RSHT. . 


16 


6000 


3 





3 







TG 


FACILITY 


26 


«FmT. . 




^ 











•J 




TO 


FACIL ITY 


?7 


csht.. 

Ffi^M// 


sc 

6 




URC? 

rtLN3 


3 

TOTAL 













TC 


FAC ILITf 


9 


Ft^CL., 







3 










TC 


FACILITY 


10 


N F C L . . 




Q 













TO 


FACILITY 


P 


PC!>L.. 
















u> 


TO 


FACILITY 


'2 


PADL. . 




a 


>} 










TD 


FACILITY 


1 3 


CYTL. . 







.1 










TG 


FiC IL : TY 


U- 


PSfL. . 




a 


a 










TQ 


FACILITY 


' 5 


wFTL. . 




> 













TO 


FACIL ITr 


L6 


CS^L. . 


















TC 


FACILITY 


■ ^ 


rtOVF. . 


















TO 


FAC IL ITY 


ro 


F.-hT.. 




J 


55? 3000 










TO 


FACILITY 


22 


pCht.. 


40 


0030 


6^7000 










TG 


FACIL ITY 


24 


CYHT.. 


















TC 


FACILITY 


25 


RSmT.. 




J 


166000 










TQ 


FACIL ITY 


26 


hFHT,, 


















TC 


FACILITY 


27 


CShT., 

















TCTAL VAKIABLiE COST 
SYSTEM COST TOTAL SO FAR 



937'-6 

' 509- 6 



SUf^ER PORTICN OF SYSTtM 











SLUOC 


c JIST-II6UTI0N PATTE 


RM 


















SQUKC= 


SOUPCi 


SOURCE 


SCL^CF 


SPu:tC3 


SOU'iCC 


STl^BAGF 


STORA'j 








FHOK// 


1 GMLN 


2 PriOH 


3 NFLS 


4 FFRI 


5 PCB.^J 


6 ML'\U 


2 F=HT 


22 t'tMT 


TO 


FACILITY 


1 


F<^LS.. 




















' 550000 


J 


TC 


FACIL ITY 


2 


NFLS.. 











920JJ 


■3 











TG 


FACILITY 


3 


rCLS.. 


J 


456000 








W7J00 


400000 





&47JUJ 


TU 


FACIL ITY 


4 


PALS. . 




















3473000 





TP 


FAC ILITY 


5 


CYLS. . 


) 


375 1000 


1224000 








3 





J 


1 >u 


F ACUITY 


5 


f^SLS.. 


16 600.) 
























TO FACIL ITY 7 wFlS. . 
TC FACILITY d CSlS.. 
















ST 


:;r 


Ab"^ 


TOTAL 








V-^'-'M// 


2'; 


^i 


ir 




T" 


f AC l.ITY 




f^l;. 








J 


15:; )uin 


T- 


i- ■■ : ! L I T r 


7 


\ L ^. 








J 


i:-)oo 


TO 


F^iC IL ITY 


3 


P C L S . 








) 


2 } b J J J J 


TC 


F-CIL ITY 


I. 


Pits. 











39730 JO 


TO 


f AL IL ITY 


5 


rvLS. 








J 


■^-J7^JJJ 


T,'; 


FiCU !TY 


■j 


CSLS. 




!^ 


6u 


jj 


332jjJ 


TC 


FiCiL ITY 


7 


kvFLS. 











I) 


TO 


rACiL ITY 


^ 


CSLS. 











.) 



TCTAL y(? UflLE COST 

SYSTriM COST T^jT^L 



17^55' 



i^b^-;? 



THE SJHVEY IS FIMSne-J. 20 SOLUTIONS HAVc BEtN RF.JAIKZD, w I TH TCTAL COSTS FRuM 

TmE^c rtt.^E SCME SOLUTIONS FRCM 2A3d57 TH V:!^?.'- , 

BijT IT rtiS SPECIFIED NCT TC ;^ETAIN ,-lGRE TriA.\ ;? SCLUTIOfsS. 



dif-^^-y TO ^-ScS"^ 



■^Ty •'"T 



r 



■^nr^WT' 



FACILITY CL;M^I^.M K ■. f-.l.n l THTAL CUST ZM^^^ 

SOMfcR OtAD-^ND I PFLS 3 PClS 5 CYLS 6 RSLS 

ALI.-Yfifi JFAI-FN;) "^ FTDL 1^ P^Dl 

nINTI.K STlPAGE 2* CVHT 

TOTiL FI J('n CflST 



■^-00 



WIMFR AND ALL-YFAS PIRTIONS HF SYSTEM 

SLUDGE DISTRiaUTION PATTERN 



J?- 



TO FACIL ITY 9 f-t"OL. . 
TO FACiL ITY 11 PC;JL. . 
TC FAC IL ITY *■■; CYhT.. 



Ff^CV// 
TO FACILITY 9 FfOL.. 
TO FAClL ITY U PCDL . . 
TO FACILITY r^ CYHT. . 



SOURC=? 


SOURCE 


SOUPTF 


SCUPCE 


SnURCF 


\ G-M ■i 


2 FhDh 


3 NFLS 


i P^RI 


■i PC 8''; 











lb400J 


J 


i 


■) 








394000 


'.o-SOOJ 


^207000 


122*>000 


a 





source 


TOTAL 








a n L N D 













I3i000 








J 


e^^joo 








A JiJOO J 


5«)S7000 









TOTAL VARIABLE COST 
SYST-M COST TuTAL SI -AR 



109U- 



r ^ 2 6 ! 



Su''^F=^ PORTiCN rF systfm 



TO FACILITY 

TD FACILITY 

TC FACILITY 

TC FACILITY 



FRll"// 
FFLS.. 
PClS. . 
CYLS.. 
RSLS.. 



SLUDGE DlSTRlsUTION PATTERN 



SiJUkCC 

L G^LN 



J 



166000 



S jUkC= 

15i0000 

WiOOOO 

9 07000 





souRcr 

3 NFLS 





122^-000 





SCUf'C- 

6 wLND 



4C30 0J 







STIW,aG'= 

?4 CYHT 





^597000 



TllTAL 

5S0000 
21'iO-iO: 

,■ .:fjjo 

' ct-.OOO 



■OTAL VARTAiiLE COST 12^3^4 

SYSTEM COST TOTAL 237^24 



FACILITY COMBIN/.TICN RANK -> TOTAL COST 

SL.^^-'FP OCar-fMO 1 

ALL-YEAS DEAJ-dNO 9 

wINT'^H STORAGE ?t 



FFLS 

FeDL 
KSHT 



2376K3 

3 PCLS 
11 PCDL 



5 CYLS 6 RSLS 



TOTAL FIXFD COST 



3200 






WINTER AND ALL-YEAR PCRTIO.NS OF SYSTEM 

SLUJGE di!:tribution pattern 



FRGV// 

TO FACILITY 9 FEDL.. 
TO FACILITY n PCDL.. 
TO FACILITY ?5 RSHT., 



FROM// 
TO FACILITY q FEDL.. 
TO FACILITY U PCUL.. 
TO FACILITY ?5 RShT.. 



SUff'ER PQRTICN QF SYSTFM 



SIJURCF 
1 GMLN 

1 6 60 U J 

SOURCF 
6 WLND 


8J0UJJ 





SJUKce 

2 HrtOH 





^207000 

TCTAL 

2530000 
1694000 

^33<;ooo 



SUUPCF 

3 NFLS 

2396000 



26000 



SrURCE 

** FFRl 

164000 







SOURCF 

5 PCBN 



39^000 

4, 



TOTAL VARIABLE COST 
SYSTEM COST TOTAL SO FAR 



141220 

144420 



SLUDGE DISTRIBUTION PATTERN 











SOURCE 


S'.TUivCF 


SOURCE 


STORAGE 


TOTAL 








FROM// 


1 GMLN 


2 PwjH 


3 NFLS 


25 RSHT 




TO 


FAClLITy 


1 


f CLS.. 





155OJO0 








■■ 550000 


TO 


FACILITY 


3 


PCLS. . 





2150000 








2150000 


TO 


FACILITY 


5 


CYLS. . 


3 


507000 


26U00 





53'?OO0 


TO 


FACIL ITY 


6 


RSLS.. 


166000 








4399000 


4565000 



TCTAL VARIABLE COST 

SYSTEM CDST TOTAL 



9306^ 

:37/ 6 3 



T 



7 1'- f TT 



FACILITY CC.WtiINATIC\ KA\K 3 

ALL-Y:.AH C'.AJ-LNJ . 
wIr.T£r\ STCkAOe . . 



TOTAL COST ?390'9 

.... 1 FTlS 3 PCLS 5 CYLS 6 =;SLS 
. . . . . 9 FruL 

.... 22 PCHT 2A CYHT 



WINTra AND /-LL-YF.'.P PQPTICNi DP SYSI'"'^. 

SLUDOl DISTRIbUTION P^M^t- 



TOTAL FIXED COST 



D^OO 














STURCe 


smmcE 


SlJUFCS 


SCUPCF 


SCU-^CE 








FP"1«// 


1 GML;-J 


2 PrtJM 


3 ^,FLS 


i f; (?! 


5 PCtJ.M 


TO 


FiClLITY 


Q 


F==PL.. 











) e^ijoo 





TO 


FACILITY 


21 


HCHT. , 


3 


J 








't^TOOv) 


TO 


FACILITY 


'C* 


CYhT.. 


S^Ur^CL 

6 «LND 


't207iJ0O 
THTAL 


122^000 








TO 


FACILITY 


^ 


FFTL.. 





la-^OOJ 








Tr 


FACIL ITY 


21 


PCHT.. 


4G0OOJ 


e-70 0J 








TC 


FACILITY 


24 


CYHT.. 





ssgyjuo 









TOTAL V/.RI 4t3LE COST 
SYSTEM CCST TOTAL SO FAR 



laUfe'S 

1075 6 9 



su^^ER posticn qf system 



TO FACILITY 

TO FACiL ITY 
TC FAC IL ITY 
TO FACILITY 



SLUDCe DISTRIBUTION PATTfRN 









SOJRCJ 


souRce 


SJURCr 


SCUFCr 


SC'URC" 


STPkAGf 


STOi^AG'^ 


TUT Al 




FRCy 


// 


1 GMLu 


2 PWUH 


3 NFLS 


I PCSN 


6 WLNO 


ZZ 


PCHT 


2*- CYHT 




1 


FFl S.. 




5 


155JJ00 





J 










J 


■ S50ou^; 


3 


PCLS.. 




) 


^•ueOOJ 





^^7000 


'^O 00 00 


8^ 


7000 





? 5 JuOJ 


5 


CYLS.. 




J 


22 J 1000 


1224000 


J 


J 




J 


55-57003 


«02ZJJJ 


6 


P.SLS.. 




166000 






















_ OCJJJ 














TOTAL vi'^I 4bLc COST 






130V63 


















SYSTEM COST 


TOTAL 


' J 3 o: 


9 



FACILITY CCM8I^iTICN KA\K V TGT4L COST :331 7 

SUt-vfs DFiO-HNO : FfLS 3 PCLS 5 CYlS 6 RSLS 

'*i.L-Y-:AP I'ifcAj-tNj 9 FtDL 

flMER STHRAGE 22 PChT 25 RSHT 



WINTFR AND ALL-YrAP P'^RTIQ'gS OF SYSTFM 

SLUDGE OrSTRIBUTIUN PATTERN 






TOTAL FUrO C JST 



6400 











SOURCE 


snuRCf^ 


SOUPCF 


snuRC? 


S^URCf 








FRTM// 


1 GNLN 


2 Pi»OH 


3 NFLS 


i f:ri 


5 PCBN 


TO 


FACILITY 


9 


FEDL.. 


a. 





2396000 


1 84000 





TO 


FACIL ITY 


22 


t-ChT.. 


■#■ 











4- 7000 


TC 


FACIL ITY 


11 


PShT, . 
FROM// 


iei60 JJ 

SJURCF 
h t^LND 


i2.:)70JJ 
TOTAL 


260C0 


d 


i} 


To 


FACILITY 


, 9 


F=OL.. 





258J000 








TO 


FACILITY 


22 


PCHT.. 


■^OCOOO 


0^70 03 








TC 


FACILITY 


25 


RShT.. 


J 


4399003 









TOTAL VARIABLE COST 
SYSTcM COST TOTAL SO FAR 



126200 

132600 



SUKf-ER PORTICN OF SYSTEM 



SLUDGE DISTRIBUTION PATTERN 











S1URCE 


SOURCE 


SOURCE 


SOUFC^ 


SOURC? 


STTF, 


IGF 


STOkAGF 


TOTAL 








FROM// 


i GMLN 


2 Pl<DH 


i NFLS 


5 FC3N 


6 »^LNO 


22 PChT 


25 PSHT 




TO 


FACILITY 


I 


FFLS.. 





1553JJ0 













J 





' 550000 


TO 


FACILITY 


3 


PCLS.. 





436000 





447000 


400000 


3^7000 





2.&JU0O 


TO 


FACILITY 


5 


CYLS.. 





^201000 


26000 




J 










2 22 700 J 


TO 


FACILITY 


6 


RSLS.. 


166000 








Q 










4399000 


-5o50UJ 
















TOTAL VARIAbLE COST 




10551S 




















SYSTEM COST 


TOTAL 




?3fi' : 


;7 



■^fTFrr "T '■'! 



'WJ 



r 



f^ACUITY C0M61N4TICN ^t\K 5 TOTAL COST :?07.-7 

SUKy:K DFAL-"N;) 1 ens 3 PCLS S CiTLS b ^SL?: 

ALL-YtAO OEAJ-ENl) 9 FfOL U PCDL 

ftlNTFR STpRAGe 2^ CYHT 25 RSHT 



TOTAL FIXFD CHST 



6600 



WINTER AND ALL-YEAB PURTIG.NJS LiF SYSTPM 

SLUDGE: DISTRIBUTION PATTERN 



FPriM// 
TO FACILITY Q FFDL.. 

Tc FAciL IT Y :i ^cn.. 

TO FACILITY ?^ CytHT.. 
TO FACILITY 25 BSHT.. 



1 GML;m 
J 
J 
,) 

16 60 JO 



S3UKCf 

2 PrtOH 





42J70J.) 




SOUPCF 

3 NFLS 





122^000 





sruf-c-r 

^ FtRl 







5 PCBN 


89nOOO 





H 
00 



FROM// 

TO FACIL ITY 9 FE' t.. 
TO FACILITY U PCDL.. 
TO FACILITY 2^ CYHT,. 
TC FACILITY 25 RShT.. 



SOURCE 

6 mLNO 



J 

•^0 00 JO 

a 



TOTAL 
13^000 

I06OOJ 



TCTiL VAHIABLf^ COST 
SYSTEM COST TOTAL SO FAR 



:3e5*3 

1K913 



SUVNER PfJRTICN OF SYSTEM 



SLUDGE OIST^.ItJUTIGN PATTERN 











SOURCE 


SlURCi 


SOUPCF 


SCUf-XF 


^iTO^AGE 


STOrJAGE 


TPT/L 








FR.3M// 


1 GMLM 


2 Pt^DH 


3 NFLS 


6 wLNO 


2'* CYHT 


?5 ^SHT 




TO 


FACIL ITY 


1 


F = L S.. 





1 1)50000 














i = r.oooo 


TO 


FACILITY 


3 


PCLS.. 





i7bG00J 





400000 





J 


2^ -JOOJ 


TC 


FACiL ITY 


•i 


CYLS. . 





9J7UuO 


i22A000 





i33'000 





7c-,^000 


TO 


FACILITY 


6 


f'.SLS.. 


166000 





Q 








16t JOJ 


332000 



TOTAL VASI \blC COST 

SVSTrM COST TOTAL 



2^0' 4 



39727 






FACILITY CCMblNATlcN RANK 6 TOTAL COST 2^033? 

SLMf^-R OSAD-iHO 1 FFLS 3 PCL£ 5 CYLS 6 RSLS 

ALL-YfAk aEAO-cNU <3 FEOL 

wINT^^R STORAGE 22 PChT 2^ CYHT 25 RSHT 



TOTAL FIXFD COST 



9b00 



WINTER AND ALL-YFAR PCkTICNS OF SYSTEM 

SLUOGE DISTRIBUTION PATTERN 



FRUH// 
TO FACILITY S FEDL.. 
TO FACU ITY 22 PCHT., 
TO FACILITY ?^ CYhT.. 
TO FACILITY 25 RShT.. 



FRC^'// 

TO FACILITY 9 FEDL.. 

TO FACILITY 22 PCHT.. 

TO FACILITY 24 CYhT.. 

TO FACILITY 25 RSHT. . 



SJJkCE 


SOURCE 


SOURCE 


SOURCE 


SOURCE 


I GNLN 


2 PfiDH 


3 NFLS 


4 FfRl 


5 PCBN 


1 








164000 





■5 


3 








4:7000 





420700J 


1224000 








166300 








J 





SnURCi: 


TOTAL 








6 riLND 













164JO0 








400000 


647000 











5431000 











166000 









TOTAL VARIABLE COST 
SYSTFM COST TOTAL SO FAR 



100273 

10987? 



SU^'fER PORTION OF SYSTEM 



SLUDGE DISTRIBUTION PATTERN 









SJURCE 


snu-^c-: 


SOURCE 


SOUFCE 


souRc: 


STC'RAGL 


STOft^'GE 






FPOM/Z 


i GHLN 


2 PrtDH 


3 NFLS 


5 PCBN 


6 wln:; 


22 PCHT 


2A CYHT 


TO F/ICILITY 


1 


FFLS.. 


J 


1555jaj 

















TO FACILITY 


3 


PCLS.. 





A 560 JO 





447000 


400000 


847000 





TC FACILITY 


5 


CYLS. . 





22J1D00 


1224000 








i> 


543^000 


TO FACILITY 


6 


RSLS.. 
FROM// 


166000 

STORAGE 
25 RSHT 




TCTAL 





.0 


■■■t 








TC FACILITY 


1 


F^LS.. 





1550.J00 












TO FACILITY 


3 


PCLS.. 


J 


215 00 00 












TO FACILITY 


? 


CYLS.. 





S856L)00 












TO FACIL ITY 


6 


RSLS.. 


166000 


332000 













TOTAL VARIABLE COST 

SYSTEM COST TOTAL 



\ 30*-60 

2t0333 



r T r ' 



r 



FACILITY CQM6INATICN RtKK 7 TOTAL CCST ?4035" 

:>JMA'"o LKAC-rND 1 FTLS 3 PCLS 5 CVLS 6 5SLS e CSLS 

Atl-ViAH DfAD-£i'JJ 9 F!"nL 'i PTDL 

-^INTfR STOPAGS 2^ CYHI 27 CShT 

TOTAL FIXEO C-!ST 6^03 

WINT'R AND ALL-YfAH PGRTICN5 OF SYSTFM 

SLUUuE JliTRIHUTIDN PATTERN 

sju-^ce s.)u.<ce sauRCf sgu«c? sou;;c= 

FP'^^'// 1 GMLN 2 PWDH 3 NFLS 4 f.7RI 5 PCRN 

rn FACILITY q fE;;l.. igiOOO J 

TC FACILITY n PCOL.. J J 894003 

TC FACILITY ?4 CyhT., J ^2.57t)OJ 1224000 J 

TO F.^CILITY '7 CShT.. IboOO) () Q 

SJURCE TCTAL 

FPnM// o aLN;} 

TC FACILITY 9 FI^DL.. J ld-000 

TO FACILITY ]] PCOL.. J 8 S4JJ0 

1;^ TO FACILITY 24 CyhT., 4000JO Saj'JOO 

O TO FACILITY 27 CSHT,. J 166000 

TCT/'L VA514dLe COST 109' 77 

SYSTEM COST TOTAL SO FAR U5577 



su^'^'E:8 porticn of system 



SLUOGE DISTRISUTIbN PATTERN 











SOURCE 


SOURCE 


SOURCF 


SCUMCC 


STORAGE STCRASF 


TC^iL 








FR-M// 


I GMLN 


."> PviDH 


3 NFLS- 


.^LND 


24 CYHT 27 CSiU 




TO 


FACIL ITY 


1 


F^LS.. 





155OJO0 











i5=noo') 


TO 


FACILITY 


J 


pcls.. 





1750000 





40000J 


J 


2 ' ^ 'iOOO 


Tu 


FACILITY 


5 


CYLS.. 





907000 


122*000 





-831000 


796 " 000 


TO 

TC 


FACILITY 
FACILITV 


5 
6 


RSLS.. 

CSLS.. 


lo6000 
J 




a 










3 

3 ' DcuOJ 


16^0JO 
St 000 
















TOTAL VARIAbLc COST 


i2^ 14 


















SYSTEM CDST TOT/L 


2403V^ 



FACILITY CTMai\iMC-4 PANK o TlTAL COST 240767 

iL.-.y-R J"iL":-^\>; ' FFLS 3 PCLS 5 CYLS 6 r<SLS 7 wPlS 

ALL-YEAS DfAJ-£NJ 9 FtDL 37 PUVF 

rtlNT^P ST''kAGt 72 PThT 

TOTAL FIX^D COST 



41200 



WlNTtR .*ND ALL-YEAF POkTl'JNj UF SYSTTM 

SLUDCiE :HSTSI6UTIDN PATTFRh 



LJ 



FF/).-// 

TO FACU ITY q FFUL. . 
TC FACIL ITY 17 PDVF.. 
TO FACIL ITY 22 PChT.. 



FOCM// 
TO FACILITY 9 F£DL.. 
TC FAC ILITY 17 PCVF.. 
TO FACILITY 22 PChT,, 



SOUftCc 

i GMLN 





lo6.'l JO 


SiJURCE 

Z PrJDrt 



3 900U00 


SGUPCF 

3 NFLS 

23960CO 



26000 


SCURCE 

4 FFftl 

184000 






SOURCf' 

5 PCBN 





4' 7003 


SOURCE 

6 WLND 





400000 


TOTAL 

25UJJOO 
5900000 
2296000 









TCTAL VARI ABLE COST 
SYSTEM CCIST TOTAL SO FAK 



T 64457 

205657 



SUK^ER PORTICN OF SYSTEM 



SLUDGE DISTRIBUTION PATTERN 











SOURCE 


SOUPC!^ 


SOUPCF 


snuF-CE 


SOURC!^ 


STCRAGT 


TOT/L 








FHr,M// 


1 GMLN 


2 PwDri 


3 NFLS 


5 PCrtN 


6 WLND 


22 PCH' 




TO 


FACILITY 


1 


FFLS.. 





1257J0J 


2 6C00 





267000 


J 


15^0000 


TO 


FACILITY 


3 


PCLS.. 


a 











a 


21-30000 


?i500U0 


TC 


FAC I i. ITY 


5 


CYLS.. 


^ 


4 








13 3000 





P3CJ00 


TO 


FACIL 'TY 


6 


RSLS.. 


166003 


..i 














'66000 


TO 


FACIL TY 


7 


hFLS. , 





.0 





tiVOOO 





)46 jOO 


59?000 
















TOTAL V/RIABLE COST 


3?i.' J 


















SYSTEM COST 


TOTAL 


^'•0767 



W9 



M- T 



r 



■■ WT' ^ ^~T^ -r-r'Tfl^l 



FACILITY COMep.^TKN R -JK '3 jJlAL CHST ;^..:,«-^- 

.^'l-;^^;'';''^'^ •, ^ '^^^ ^ ^^s 5 ens ^ .sl^ 7 .^ls 

•■LL 1 t^w i.tA.i-z"^') g F^OL 

.IM'^R STJPAOt ;.4 CYmT it rtFHT 

TLJTAL FIXED COST 
i^IMFB A^[l ALL-Vz/.h PCf^TUAlj Jh SySIT'-I 

SLUOG!^ :)ISTKIBUTI0N PiTTESN 



6^00 



1-0 



FCIJM// 
TO FiCiL ITY 5 FPPL. . 
TC FACIl [TV ^4 CYMT.. 
TO FAC I. ITT Z-S r.'^MT. . 



FRJ"'// 

TO FaC i l ITY q Ff m. . 
TO FAC IL ITY 2<' CYhT. . 
T.-: FACILITY :6 «FhT. . 



SUyfER JCRTICN OF SYSTEM 



SjukCE 


%n\j?xK 


SGUPcr 


SCURC' 


SPURGE 


1 LiZ-i L '-J 


I PrtDN 


3 NFLS 


4 F-RI 


5 PC6N 


"J 








' e^o.jo 





■ 66U JJ 


42J7J0") 


122^000 








J 


J 





J 


V 700J 


J )u^c;- 


TOTAL 








tj «L.'0 













ICi-^OOO 








-tOCOO") 


59':)70O0 








J 


-t-VVJOO 









TOTAL VAS: ABLE COST 
SYSTEM COST TOTAL SO FAR 



SLUOGS 0ISTf^l6UTI0N PATTERN 



10? 3 69 

'08769 



TO 


FACILITY 


1 


r^LS.. 


! OMLN 
J 


i Ju-N C ^ 

2 PWOH 

I55 3JOO 


SOUPCF 
3 NFLS 




SCUr'Cr 

5 PCbN 



4^7u00 




sou^c^ 

6 WLND 
■J 

400000 




STf-^Acr 

2i CVHT 


ST 
It- 


CSA&- 
;^FHT 


TOTAL 


t:; 

TO 
TO 


FACILITY 
FACIL ITY 
FACILITY 


-i 
e 

t 


pcls. . 
rvLS. . 

^ SLS. . 


J 

J 

'6 60 J J 


1303000 
i354J0J 



1224000 

n 





5997000 




i) 

1 


21 5uJU0 
-i37iOjj 


TC 


FACILITY 


7 


«■ F l s . . 



















' QoOuO 


















4^ 


7]u0 


T-*7000 



'CTAL VARIABLE COST 

SYSTEM COST TOTAL 



132' 54 



■^0923 



hi 



FACILITY COMBINATICN RANK lQ TOTAL COST 2409=7 

SUM-r:, Oftf)--Nu J FFIS ? PCL^ 5 CYLS 6 KbLi f CSLS 

ALL-YU'^ i)FAJ-t.NLJ 9 FEDl 

WINTER STORAGE 2? pc\\J 24 C YHT ;? CSHT 



TOTAL FIXED COST 



9600 



WINTER AMI ALL-YFAH PUkllUNS UF SYSTFl 

SLUDGc i")ISTRIiluTiaN PATTFSf' 



FR(iM// 
TO FACILITY 9 FFDL.. 
TC f-tC IL ITY 2i PCHT. . 
TO FACILITY 24 CYmT.. 
TO FACIL ITY Z7 CSHT.. 



FkCM// 
TO FAC ILITY 9 FEDL.. 
TO FACILITY 22 PCHT.. 
TO FACIL ITY ?^ CYhT,. 
TO FAClLirr 27 CSHT., 



SlURCf^ 


SOu:vCF 


SniJPCF 


SCMJI-C' 


S-IURCl 


1 GMLN 


2 PhUH 


3 NFLS 


4 fcUl 


5 PCBN 


a 





& 


164000 


) 


J 


^0 


d 


J 


4^7000 





'if207uOJ 


1224000 








1660 JO 








■^ 





SOURCE 


TOTAL 






" 


6 rtLND 










J 


I36J00 








400000 


847000 











5411000 











1o6jOO 









TDTZ-.L VARIABLE COST 
SYSTEM COST TOTAL SO FAR 



1009 3 7 

. i:0537 



SUVfFfl PilRTICN OF SYSTEM 



SLUDGE DISTKiaUTION PATTERN 









S"iUkCr 


S'1U:;CF 


SOUKCF 


SCU'^CF 


SGU^Ct 


STO^IAGfc 


STOKAGF 


TO FACILITY 


1 


FRTIM// 
FtLS.. 


I GMLN 


2 P^JDH 

l5;>ojoo 


3 


NFLS 



£ PCBN 
3 


& WLNO 



22 PCMT 


8i'7000 


24 CYHT 

3 
6 


TO FACILITY 


3 


PCLS. . 


J 


4:>tU00 







447000 


400000 


TO FACILITY 


5 


CYLS.. 





22J1U0J 


1224000 











5431300 


TO FACILITY 


6 


PSLS., 


166000 













3 

^ 



.0 






TO FACILITY 


3 


CSLS. . 


J 










■:0 








STCRAGE 


TOTAL 


















rPGM// 


27 CSrtT 
















TO FACILITY 


1 


FFLS.. 





:5'iOOOO 














TO FACIL ITY 


3 


PCLS.. 





2150000 














TC FAC ILITY 


5 


CYL S.. 





b8S60UO 














TO FACIL ITY 


6 


RSLS., 


J 


lafcOOO 














TC FACILITY 


8 


CSLS.. 


i.56OO0 


166J00 















TOTAL VARIABLE COST 130460 

SYSTEM COST TOTAL ^*-0997 



■W"' 



FACILITY CC^MINAUC. 'iANK U TCTAL CvJST .^tl:f]^ , o,,c ' rv,^ ■ - ^ i =: 

:-ll~irMi L)l'AJ-;Nfi 9 Ff-Ol. 

AlMtft ST0i-'A5E ^2 P^hT ?^ C YHT 

T[;TAL FIxrD CHST 



6^00 



WlNTfy. AND .■.LL-Y = iP P^-MCNJ 'iF bYSTF'^ 

SLUDGE: ") I STR lauT lON PATie^K 






TO 
TO 


FAcarY 

FiCiL ITV 
FACIc IT r 


c 


F -i;l.. 

" i H T . . 
C YhT.. 


SiiUKC:; 

) 

SJURCr 


sauftci; 

^207000 
TCiaL 


SGUFCF 

3 NFLS 





1 22^000 


^ F.'"\I 
10^003 

J 




5 PCBN 


4A7a00 



TC 
TO 


FiClLlTY 
FACILITY 
FACIL ITY 




F t C L . . 
C YhT.. 


6 rtLNJ 

J 

'.OOOUO 


5997U00 









tctal vz-riable cost :o:7?7 

SYSTEM CnST total SG FAR 109^27 



SUVI'FR POftTICN OF SYSTTf 



TO 
TC 
TC 
TO 
TO 



FACILITY 
FACILITY 
FACILITY 
FACIL ITY 
FACILITY 



SLUDG5 OISTKIbUTION PATTFCflM 



FPOM// 

F/LS.. 
PCLS.. 
Pits.. 
CYlS.. 
RSLS.. 



sjukc:- 

i GMLN 




J 

i>60 JO 



SOURCF 

2 PrtDH 

1550JOO 

13JiOJO 



L35^00J 





sjupcf 

3 NFLS 







122^000 



SCONCE 
5 PCB.--: 

A'^7jaO 

Q 




SOURCE 

6 *JLNO 



irJOOOJ 



■0 




stc«age 

13 PAHT 


i.A700O 





TOTAL VARIABLE COST 

SYSTF.M COST TOTiL 



STORAGE 
2^ CYHT 
3 


■39^700:3 


132154 



Tul At 

2 pOijij J 
*tv7UiJJ 

857- 000 
-ooUUJ 



FtCILITY Ci-Mf^lNAT ICN RANK 2 THTAL COST ?^i^t' 

SL'^I^^^R D'-AD-rsD ^nS ^ h-CLS 4 PALS 5 CYLS 6 f<SLS 

ALL-vr/VP L.tAJ-u'.i) 9 F-OL U PCDL 

hLNTnR STCSAuE 23 PAHT 25 RSHT 



WINTER Af^C ALL-VFAf; PORTIONS QF SYSTEM 

SLUOGE UlSTRIcJUTIuN P/^TTtRN 



TOTAL FIXED COST 



6^00 



TC 
To 
TC 

TO 



F£C ILITY 
FACILITY 
FACILITY 
FACILITY 



2J 

25 



FRCM// 
F " L- L . . 
PCDL.. 
PAHT. . 
PS,HT.. 



•*^- 



FHC^^// 
TO FACILITY 9 FFDL.. 
TO FACILITY : 1 PCDL. . 
TO FACILITY 23 PAhT. . 
TC FACILITY 25 RSh"^.. 



5 :URC[i 
1 GMLS 

-) 





16 6000 

SOURCE 

6 «LND 



BuOOOJ 







S'JUKCt 

2 PwDri 







42 07000 

TCTAL 

25S00Q0 

4^-70 00 
^3990 00 



sooRcr 

3 NFLS 

239f.000 





26000 



SrUI-CF 
^ F' RI 

; SAO JO 




Q 



SOURCE 

5 PCBf^ 





447000 





SUWf'ER PCRTKN OF SYSTEM 



TOTAL VARIABLE COST \^i-^'tl 

SYSTEM COST TOTAL SO FAR 143937 













SLUOGr OISTRIB 


JTION PATT 


"RN 






TO 
TO 
TO 
TC 
TO 


FACILITY 
FACILIT. 
FACILITY 
FACILITY 
FACILITY 


1 

3 

L 

5 
6 


FRO>*// 
FPLS.. 
PCLS- . 
^ALS. . 
CYLS.. 
RSLS. . 


SOURCE 
1 GMLN 
J 



166005 


SOURCE 

? PwCH 

1550000 

170 30 00 



95A000 




SOURCF 
3 NFLS 
Q 


260C0 



SOUf'C- 
5 PC6N 

447000 





STORAGE STORAGF 
23 PAHT ?5 RSHT 


^47000 

t 3 99000 


TOTAL 

^ 550303 

Z' 5UO0O 

^^•7000 

930003 

45a=000 


















TOTAL VARIABLE COST 


T 04 4 




















SYSTEM COST TOTAL 


24?.34? 



r 



T' 



■'T^T ~ 



■1 - J'r'y 



F4CUITy Cb>"[:ir-iaTirN <*A\K 13 TUTAL COST ?4'5f.3 

Slf-'f"^'^ ?ciD-rMO ' FFLS 3 PCLS D CYLS 6 aSLS 

;,LL-V'Ai-- C;eiJ-£NJ c f'lL -7 ppvF 

«INTi:K STOftAGE 22 PCm: ?^ CYHT 

TOTAL FUEC COST 



4i-J0 



rtINT6=^ ANC ALL-YFiP PflPTICNS UF SYST:m 

StUJGE: DIST& ItJUT IQN PATU.>^M 



7' 











S lURCt 


SOURCF 


SGUF-Cr 


scurc:? 


sru^Cf' 








FRilM// 


1 G.^LN 


2 P^JDH 


3 NFLS 


^ F-RI 


5 PCBN 


TC 


FACIL ITY 


q 


F t=UL. . 





J 





■ 6A000 


J 


TO 


FACIL ITV 


' 7 


P L' V r , . 


J 


59O3O0O 








a 


TO 


piciL :ty 


22 


P'hT. , 


J 


J 








4^7000 


TO 


f^iClLlTY 


lU 


CVHT.. 
FS[ f// 


SOURCr 
»^LND 


1257JOO 
TOTAL 


122^000 








TO 


FACILITY 


<> 


F ' L . . 





Irf^uO.T 








TC 


FACiLlTY 


\1 


prvF.. 





59J0GCO 








TU 
TO 


FACILITY 
FACILITY 


22 

2* 


PCHT,. 
CYHT.. 


40000J 

J 


6,7000 
2fc^7JaO 









TCTAL VAPI46LE COST 
SYSTEM COST TJTAL S3 FAR 



13e7?3 

18 31 2 3 



su^'^'FR porticn of systfm 



SLUOGf OIST^IBUTK'N PATTF3N 



to FACILITY 
TO FACILITY 
TO FACILITY 
TO FACUIT/ 









SOURCE 


sauRCf: 


hC^f^C^ 


SCUPC= 




SOURC? 


STCOAGE 


STCRAGE 


TOTAL 




f F C .■■: 


// 


I GMLN 


Z P^DH 


3 NfLS 


5 PCcsiJ 




6 «LND 


22 


PCHT 


?i CYHT 




1 


F:LS.. 







&0'uOO 


7^0 000 


















ibSOJOJ 


3 


pcls. . 







^3 6J0ij 





tiTOOO 




i.030J0 


8^7000 


3 


"••.sJJO J 


5 


CYLS.. 




J 





475000 















26^7000 


3.22UOJ 


6 


HSLS.. 




166U0J 













J 







3 


lt600J 














TOTAL ViWIABLE COST 






5&430 


















£Y 


STPM COST 


TO 


TAL 


:^155 


3 






facility ccf>uirwMic-i Pi\'jK :.H tlital cust 2^^971 

SUM^-R Jf-AD-EN-J f^rLs ? PCLS 5 CYLS t, ftSLS 7 WFL^ 

'.LL-¥fA-< ^tAJ-t'jj c F (■:)[_ 

rtlNTTR STGKA(,F 26 RShT 26 aFHT 



WlMf^ AND ALL-YFAP P.:KTinNi 'JF SYST'M 

SLUOGF OtSTRIBUTinN PATTPOf; 



TC FAC ILITY 9 f F"L.. 
TO FACILITY 25 RShT.. 
TC FACILITY It «FmT.. 



■M,V 





P 3 


TD 


FACIL ITv Q FcJL 


TO 


FACIL ITY 25 rtStiT 


TO 


FACILITY 26 kFhT 



TOTAL FUED COST 



6^00 



s^J^'^'^R prRrirN tf system 



S.TUKC- 


SOURCr 


SJUPCF 


SlUCCF 


snu^CF 


- GML'^J 


2 PrtUn 


3 ^^ L5 


^ FT r- I 


5 PCt;-; 


J 





2J9O00U 


■64000 





1660 30 


4207300 


26000 








1 











4' 7000 


SOURCE 


TCTAL 








b wLND 










) 


2 550000 








J 


4359000 








40000 J 


847000 









TCTAL VARIABLE COST 
SYSTEM rnST TOTAL S3 



' 28359 



FAR 



47[;9 











SLJDGC OISTRI 


dUTIO\ pattfrn 


















SJUs.C~ 


s^upc: 


SuuFCF 


scu^c:^ 


SO-JRL?. 


storage: 


STPRAGF 


TuTAL 


TO 


FACILITY 


1 


F i^CV/ / 

FFL5.. 


1 GMLN 


2 P»iDH 
15 50JOO 


3 NFLS 



f PCHN 


6 WLNu 

, 1 


25 rShT 


■J. 

4?q';oo,") 



■~6 WFHT 




TO 
TO 


FAC IL ITY 
FACIL ITY 


3 
5 


PCL5. . 
CVLS,. 


J 
J 


U030JO 
Lj54j00 



2^000 


^^7000 


400000 





1 




■j5 JJOO 


TC 
T3 


FACILITY 
FACILITY 


6 

7 


RbLS. . 


^a6000 











u 

.0 





8'-7J0J 


■ JdJdOJ 

■'■So^OuJ 

t:470JJ 
















TOTAL V(;RIABLj COST 


1072 '2 




















SYSTE.-^ COST 


ro-^AL 


2^1971 





IfT' r-W^^ 



FACILITY CC^.LiR'.'.TICN ^ifiK 15 TOTAL COST 2^:27Q 

SU'^^'P OFAU-^Nu ■• THi ? PCL^ 5 CYlS o -*SLS 7 wCLS t CSLS 



:..H-Y''A- li'^J-Zi^ . c, f.-,[L .7 P,-iVF 

..INT'-rt S7ChA{,= 2? PCnT 17 C Sri1 



TOTAL FUlD cost A^r-OO 



WINTER ANt: ALL-YFih POn*IGNS 3f SYSTtH 

iLU3Gi. Ol!f.TRUUTIuN PiTTfSf-j 

s;'u*-tc?:' SiiUKCP suupcr sruscr sourc= 

P^'"^// . C.^Lil ^ P«3n 3 rjFLS ^ F;K! 5 PCb.v 

TC ^;1CIL ITY <; f r.L.. O 2j96000 18A0J0 

Tn ^6CILITY '7 kOVP.. J 59J0.)0J J ) 

TO FiClLiry 2? PCf'.. ) i2570U,) 26000 ^^7000 

Tr FACILITY 27 CSiiT.. l-i^vDJ J J i3 

S JUhCf TCTAL 

TD FACILITY 9 rfOL.. J 25iJ)-3.3 

TC FACILITY 17 pf^VF,, 59J0J00 

TO FACILITY 22 PCriT.. *»)0OOJ il^JOOJ 

N3 TC FACILITY ^7 CSmT., ' af -JOO 
00 



TC"TJL VAfiTASL? COST 16^125 

SVSTrw LOST TOTAL SO FAR 2085?5 



SUf'^'F* PCRTICN ' F SY5Tf=« 











SLUUGE niST.<I5UTI0N P£TTei-N 


















siurtC- 


S^U^C; 


iOUFCF 


SCU'C- 


so^Rc: 


Sir-? 


' Of 


STn^AGr TuTiL 








f- -OM// 


I GH Li-J 


2 P*Dh 


3 NFLS 


5 PCnN 


-1 nLNC 


22 Pu 


h' 


27 CShT 


TO 


FACILITY 


1 


F f L 3 . . 


) 


,257ju0 


2 6000 


1) 


267000 







5300JJ 


Tr 


FACILITY 


•X 


PCLS.. 











2 00 J) 


J 


21JOJO0 


2i:jJJ^J 


Tn 


FACILITY 


5 


CYLS.. 


J 





J 


.) 


133300 







> -JjjJO 


TO 


FACILITY 


t 


'^SLS.. 


:bh>JiiO 
















u 


. •>0>JOJ 


TO 


FACILITY 


7 


aFLS., 











<2700J 


> 







'V_7jjj 


TO 


FAi^lLITY 


a 


CSLS., 


.} 








TCTAL V 


J 

;KUt)L; COS 
SVSTiM CCST 


T 

-nTAL 





' 6t) JOG 3 60»jJ 

3375^ 

■^2279 



sLV*''R U'AC-::gj } FTLS 3 PCLf 

ALL-YcA') OEAJ-END 9 FP[)L 17 PLWf- 

*.Ir.T:.'< STOCAuE . . , , 2? PCMT ?5 "vSmT 



o KSLS 



.hINTlR Ar.C ALL-YEAH P']«TICN5 OF SYSTf^M 

SLUDGE DISTS. ItiUTION PATTE^^N 



TOTAL FI aFO CnST 



t^i-OO 






TG FACILITY = F:rjL.. 

TC f^iClL ITY ■:? PCVF. . 

TO FACILITY 22 PChT. . 

TG FfiC ILITY iS f.-SMT. . 



F^'.>// 

Tn FACILITY c f-::-)L. . 
TC FACIL ITY 17 PCVF. . 
TO FACILITY 22 PChT., 
TC FAClLITr Z5 RShT., 



SJURCE 


SJUKC" 


SOUi-CF 


scu'"'Ce: 


5GURCF 


i C.VL'J 


? Pw;^.i 


3 NFLS 


4 FfR I 


5 PC6N 


J 


) 


23960C0 


1 84J00 





J 


5 9joaoo 











J 











4^7000 


IbbU^.J 


iziioon 


26000 





Q 


S3u:>^C = 


TCTAL 








ml\:> 













2 560000 











69J00U0 








AJOOJJ 


&-'-7J jj 








J 


1-V^900J 









Su;^VFR PCRTICr^ OF SYSTr*^ 



TOTAL V/RIAbL" COST 
SYSTcM COST TOTAL SJ FA^ 



16257: 



SLUOGc DISTRIBUTION PATTERN 



?06')73 



TC FACILITY 1 r^LS.. 
tC FACILITY 3 PCLS. . 
Tn FACILITY o RSLS- , 





J 

1 3 fcO 00 



SJUr^Ct 

2 PrtDh* 

1257000 

J 





S3URC: 

3 NFLS 

2 6000 

C 





SQUKC^ 
5 PC3N 


^^7000 





SOUhCZ- 

J /.L^40 



^00000 



STC'^-G^ 
:.; PC'i- 
■') 

8^7000 




TOTAL VAi- lABLF COST 

SYSTfM COST "HTAL 



STn^/^GF 



'^■9J00 ; 

35o66 

2^2639 



TCTmL 
^i JUJJ 
o - 5jj J 



•^iJT-T'p-r 



■T^' 



r 



o 



FACILITY c:Mni\A"jc\ \^\K u rniiL cust 24=2:7 

SLWf'J^ D'aU-^ND : FTLS 3 PCLS ■; CYLS 6 RSL'- 7 ^=LS 

^■LL-Vrit- L;tAJ-L:»jJ c r- - :>l 

rtlM-R STaPab= -i CYHT 25 KSnT 36 hFH" 



TLTAL FUfC COST 



9600 



«-INTfft am: ALL-¥"AB PZRTlCNi Jr SYST^.n^ 

SLUJG-: OISTRIdUTION PiTTERM 









S)Urti,£ 


SDUKCE 


SJUFCF 


sru-'C'" 


SOURCr 






CK,;w/y 


1 GMLN 


2 P/.CM 


3 NFLS 


4 F^B I 


5 PCB^J 


TO FiClLUY 


9 


F ' ^ L . . 


) 


3 





1 K4uOO 


■J 


TO fACiL ITY 


2^ 


CVmI. . 





42 0700.3 


12^4000 








TO FiClLITY 


25 


''ShT. . 


lt>60JJ 


J 











TP FACILITY 


^f 


FROM// 




sau'-tc- 

6 rtLND 


a 

TOTAL 








4^7000 


TO' FiClLl-Y 


•5 


F-HL., 





1 -i-^OuO 








TO FACILITY 


2^ 


r. V M T . . 


^JCCJO 


56U0JJ 








TC FACiL ITY 


25 


-IShT.. 


J 


l&fr>OQ 








TC FACILITY 


S4) 


rt^MT,, 


'^ 


^4 7000 









TCTAL VAPiaaLEF CDST 
SYSTEM CCIST TOTAL SJ 



FA.^ 



■. '- 7 ? 

111073 



SU^NF^^ PORTrCN OF SYSTFM 



SLUDtir OIiT;?IriOTIJ\ PATt = PN 











SOU-iCC 


SOU-!CF 


SCURCr 


SCUFC? 


Sr?(j^c; 


STC-<^ G" 


ST"w/G 








■^'MM// 


1 oMlN 


2 P^DH 


3 


f'.f-lZ 


5 PCJ\ 


6 -«LNO 


:- CYnT 


^5 "SHT 


TG 


FACIL ITY 


1 


FTLS.. 





1530000 













■) 





TC 


FACILITY 


3 


PCLS.. 


3 


i3O?OJ0 







4^ 70:0 


irOO^OO 








TO 


rACU :TY 


c 


CYLS.. 


J 


1 3^ -^ ) 


121 


4000 








5^3' 000 


3 


Tu 


FACIL ITY 


^ 


K S L i . . 


L06JOJ 


















166003 


Tr 


FACIL ITY 


7 


-^PLS. . 
F-"^// 


J 

STCKAbt 
26 hFHT 


1 

TLT AL 




a 








1} 





TO 


FACILITY 


1 


FCLS.. 





15:SJ.J00 














TO 


FACILITY 


3 


PCLS.. 


J 


2150000 














Tr: 


FACIL ITY 


5 


r TLS.. 


J 


a4093JJ 














TC 


FACILITY 


i-j 


^' SLS. . 





3^2000 














Ti, 


FiCiL ITY 


■T 


«-LS.. 


4'.7CJ0 


■^4 7000 















TCTAL V/^KI A^lL: COST 

:>YiiT:M C-jST TOTAL 



5- 
24J227 



FACILITY CC-'lrilNA' f CN RA.'jK "B TUTAL Ci)ST ZU'.5i-~ 

•UJ:-y'^ Ol .',U-- .J ; F' I.: ^ P.L^. ' P'-LS i 'IVLS 

ALL-YFA** U£AJ-lNJ ^ *=''3L 

rtlM-f- STCPA.,;- ^3 P^mT 2^ CYmT ^t R^HT 

TOTAL FIXi=C COST 



^SL'; 



9600 






hINTL\ ' 1-113 ALL-Y'i'' (M'Tir^-^ l. r irST'^'-l 

SLJiJur- )IST.xI.iUTI.i^ F^TT' -N 



rn 

TI- 
TO 
T- 


F A : I L I ' Y 
F/iu U M !■ 
FACIi ITY 
F ;. C I L ! T Y 




23 
.■. ^ 


1 .'.til. . 
CYmT. . 
7 5 >- T . . 


1 G'^Li-J 
) 
J 


2 F^Df; 



J 

4207J00 

J 

TLITAL 


3 NFLS 





122^000 




t FrRI 

; 6^000 








s. u-'C-: 

5 PCS'J 


4^70JJ 




Til 
TO 
TO 


F.1CIL ITY 
FACILITY 

FACIL ;tv 


5 

:3 


F L :■ L . . 

P A H T . . 
C VhT. . 


H TOO 00 


^i7'J DO 
56 i'.OO') 








Tlj 


F4CIL ITY 


?5 


R jhT. . 


a 


166J-J0 









TTT-'L V/ lAbL" CnST n? =1:' 

SYSTEM COST TJTAL SO FAR lU^tSl 



Su'^^FW PtjRTICN IF StST-M 













SLur 


;G[E OISTRIdUTIOK PATTfrN 
















s 


TURC = 


SJU^C- 


Si"lUrC= SCURC^ 


SOURCE 


S T Li "< A o c 


STORAG 








Ft.".:M// 


1 


GUL,- 


2 PrtOH 


3f4FLS 5 PCBN 


G WL.M) 


?3 HtHT 


y.i- cymT 


TO 


FiC ELIT Y 


I 


F ^L?. . 




J 


I'l^OJJO 











J 


TU 


FACIL ITY 


^ 


•'; L s. . 




J 


13J3JJJ 


n 4-V7U0J 


400000 








TO 


FACILITY 


if 


Pit s. . 




J 











447000 





T;': 


FACIL ITY 


5 


' Y L ? . . 




J 


IBS'- JJJ 


122iOOU 


a 





563" 000 


T ~ 


rAC IL ITV 


-> 


-■ i L *" . . 


s 
?5 


:>dOJO 

TO.'iA.,'E 
RiHT 



Tf TIL 














TC 


F.'.CIL ITY 


I 


F =■ L S . . 







1550JJ) 










TC 


FACIL ITY 


T 


?CLt. . 







2 ' ^. ) .i 3 










TC 


fa: ILl TV 


- 


p:lS. . 




J 


•-^TOUO 










Tu 


FACILI TY 


'j 


r VL?. . 




J 


d-^ J9J JO 










TC 


FAC IL ITY 


c 


'■'''■' "^ . . 


\ 


^oj JJ 


?3?JJ J 











TCTAL V:.fiIA5L' COST 

SYSTFM COST THTAL 



13215'- 

2435P4 



r r 



riCiLiTY ci;wai\i'i;;N jank ;,^ tutal CuST ^'.-Tt^ 

iLL-Y^ar* brACi-i:jU ^ FfOL IL P. DL 17 P;JVf 

rJlNT-^ STOCAuE 2i CYHI" 



ynrcL fix~d cnsr 



^1200 



Hr\TfK a.\r- .-.LL-yri^ p.:kticn5 of system 

5LJJG= DISTiUaUTIuN PiTTF»N 



W 

ro 











S .iJkCr 


SOUi^CF 


SJUt-CF 


SOUKt 


souRcr 








F-L''-'// 


- GMLW 


i: PrtDH 


3 KFLS 


i F! Rl 


3 PC6N 


TQ 


(■^:kity 


s 


r ^'IL.. 


■3 








1£4000 


3 


T;j 


F .• c i L I : Y 


'. 


PtDL.. 


J 


J 








994000 


Tn 


F/CILITY 


7 


Pl:v^.. 





5 900000 





-) 


J 


Tti 


FtClLUY 


?*■ 


CYHT.. 


S"iuac= 

6 rtL.M:) 


1257000 

TftiL 


122^.000 





J 


y' 


FJCILITy 


g 


( r?L.. 


} 


ItJijOJ 








TC 


F/.CILITy 


J ! 


pcr.L.. 





8*iOJO 








Tn 


FACILITY 


17 


prvF., 


3 


i)90JJOO 








TO 


FACILITY 


2i 


CYHT, . 


hOOOOJ 


30^7000 









TCTiL VAf^IAbLE COST 
SYSTEM COST TTTAL SO FAR 



1^6' 



63 
186' t2 



SufNtr', PPRTICN TP SySTE^M 



SLUJGc OlSTUQUTIuN PATTERN 













SOURCE 


S:iUKCF. 


SUUFCF 


sruFC' 


STOaAv;F TOTAL 










Fi5i;y 


// 


1 OHUi 


2 FWbH 


3 


N'FLS 


6 hLND 


24 CYHT 




TT; 


F-ClLl'I'Y 


1 


F"=LS.. 







3?6JjO 


i2i 


i-000 





5-0)00 




Tt- 


F.*.:iL iT/ 


T 


PCl«.. 







9 JiUUO 







«>0000J 


■1 iJjiOOO 




TiT 


FACILITY 


S 


CYLS.. 




J 













30^7000 3J*t7JOO 




Tr. 


f-ACILITY 


6 


HfSLS.. 




loOJOO 










J 


i6000 






• 
















TOTAL VARIAdLE COST 


SE'.?'. 






















SYSTEM COST TOT,a 


2^-37t^ 



FACILITY CaMBlNATICh ^*N«( 20 TOTAL COST 2*'e57 

ICff-^B Uli-C-ZHi) I FfL^ 3 PCLS ! CVL5 

ALL-Vf4»i CEAU-CND 9 FrOL 17 POVf 

hIMKR STOIiAbE ?? PChT 2* CyhT 25 ^ ShT 



6 KSLS 



^^r^Tel» tf.c iLL-vfii" Pi.BTir.Ai riF SySTF-I 

SLUOCE OISTRIDUTtON PATTERN 



TOTAL fUeO COST 



47*00 



UJ 

U) 

w 



Tn FACILITV • ffOL.. 

T3 FiCiL ITY '7 h>rwF., 

TO FiClLITY ^^ PCiiT.. 

Tl- ftC IL ITr ?* CYHl.. 

TC f ACIl n Y 2i fiSHT., 



T' 



FL^IL.. 



FACILITY 

in FiClL ITY IT PCvF, . 

TC PAi IL ITY ii PCMT.. 

TC FJC ll 1 lY ?* CYmT. . 

TO FACiL ITY 25 HJHT.. 



SOiJHCE 
1 Cmln 
J 
J 
J 
■) 
IO60JJ 

J 

u 



S,)UflCE 

2 PmOM 

5 9.11(10 J 
J 





TOTAL 
134000 

jqj oooii 

Z^lliiOO 
106000 



SQUPCf 

i NFLS 











scupcr 

* F*HI 

16*000 









SOURCE 
5 PCflN 



i^TOUO 



a 



Su^h-EH PORTICN OF SYSTEM 



TOTAL VARIABLE COST 
SYSTTM COST TOTAL SO FAM 



137127 

ia5<-27 



SLUUGE JlSTHiaUTIONi PATTERN 









SOURCE 


S JURCE 


SOUBCt 


SOUF'CE 


SOUHCE 


STORAGE 


STORAG 






FROM// 


1 GMLN 


2 p«nH 


3 NFLS 


9 PCBN 


6 hLNO 


22 PCHT 


2* CVmT 


TC Facility 


; 


FFLS.. 
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APPENDIX VIII 
TRANSPORT SCHEDULING PROGRAM SCHEDl 

VIII. 1 The Model 

A flow network representing the possibilities for material 
movement is duplicated on each day of the scheduling period. Every trans- 
port link in the material distribution network is represented in this 
scheduling network by one or more parallel links between a source and 
a sink. Thus, a transfer point or intermediate facility in the distri- 
bution network appears here both as a sink and as a source. 

The different parallel links between a source and a sink repre- 
sent the possible assignment of some number of trucks, to do a day's 
work, from different contractors or truck depots. There is a different 
cost per truck assigned on each link in order to incorporate the effects 
of distance from the depot to the haulage task and distance from source 
to sink. The unit of flow in the scheduling network is the quantity of 
material that can be moved between two points by one truck in one day. 
Every truck is assumed to have the same capability in this respect, indepen- 
dent of the point pair or the contractor or depot. However, each contrac- 
tor or depot can have a different limit in terms of the number of trucks 
it can supply in one day. In addition, a different fixed charge is added 
to the total system cost for each contractor or depot. This charge is a 
linear function of the maximum number of trucks a depot supplies on any one 
day. 

A limit can be put on each source and each sink, on the total 
number of trucks thay may be assigned on all links connected to it in 
the same day. This is to prevent an unmanageable number of trucks from 
arriving in one day at the pick-up dock of a source or the delivery dock 
of a sink. 

On each day in the scheduling network, each sink and each source 
is represented once. 

Every source is linked to itself on consecutive days, representing 
possible storage of production inventory at its pick-up dock from one day 
to the next. Every source on the last day is linked to itself on the 
first day to ensure that its inventory at the end of the period is the same 
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as It was at the beginning. The net output of a source on a day in this 
network is equal to its gross daily output in the distribution network. 

Every sink is linked to itself on consecutive days, representing 
possible storage of backlog for consumption at its delivery dock from one 
day to the next . Every sink on the last day is linked to itself on the 
first day to ensure that its backlog at the end of the period is the 
same as at the beginning. The net output of a sink on a day in this net- 
work is equal to its gross daily input in the distribution network. 

The source inventory links and the sink backlog links can be 
given costs per unit of material assigned to them and limits on the 
amount of material assigned to them. 

Figure 58 illustrates a simple, small scheduling network for 
three days and two contractors or depots , representing four distribution 
transport links with three sources and two sinks. Figure 59 illustrates 
two different distribution networks which the scheduling network in Figure 
58 could represent. 

VIII. 2 The Solution 

The optimal schedule is found by a computer program we have 
written called SCHEDl, which consists of about 800 lines of standard 
FORTRAN IV (USASI or ANSI Fortran)*. This program contains a modified 
version of W, Domschke's program FLOWl, published recently in the ALGOL 
language (Domschke, 1973b). The program FLOWl is designed to find the 
minimal cost flow in a weighted, antisymmetric directed graph by removing 
negative cycles found preferably with the first of Domschke's two ALGOL 
procedures written for this purpose, ZYKL DIJKSTRA or ZYKL FORD, published 
slightly earlier (Domschke, 1973a). Basically our program SCHEDl uses 
ZYKL FORD (for reasons explained later) in FLOWl, applying FLOWl repeatedly 
to find the minimal cost flow for different given combinations of depot 
capabilities. Thus, one can find the system Chat yields the lowest total 
of the fixed charges due to depot capabilities, plus the minimal cost 
of flow on the scheduling network, without employing lengthy integer 
programming techniques that would otherwise be indicated by the fixed 
charges . 



* With a WATFIV processor on an IBM 360/75 the program compiles into 31976 
bytes of object code. 
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Of course, the scheduling network by Itself is not antisymmetric; 
so part of SCHEDl is devoted to adding artifical links to the network 
to give it this property. SCHEDl also contains a subroutine named SCRIBE 
that can be called from various points in the program to print out the 
current antisymmetric network and the total system cost. Whether it is 
actually called from a particular point depends on indicators put in the 
data deck by the user. 

Since the program works with residual capacity rather than actual 
flow, the flow pattern in the scheduling network is not immediately 
obvious from the printout produced by SCRIBE. But it is actually quite 
simple: every link in the scheduling network is printed out adjacent 
to its corresponding reverse link in the antisymmetric network, and its 
flow is just the residual capacity on that reverse link.* 

Briefly the main operations of SCHEDl are as follows: 

1) Read and write data. 

2) Generate a combination of depot capabilities and calculate 
the resulting sum of fixed charges. 

3) Construct the scheduling network and augment it with its 
reflexive image to produce the required antisymmetric 
network (this incorporates Step 1 in Part A of FLOWl) . Here 
is "Point 1" for calling SCRIBE. 

4) Find an initial solution (FLOWl Part A, Step 2). "Point 2" 
for calling Scribe. 

5) Find and remove negative cycles using a brute force search, 
i.e. starting searches at every vertex of the network in 
order as they are numbered, starting again at the first 
vertex of the network after doing the last (FLOWl Part B, 
Step 1). "Point 3" for calling SCRIBE occurs every time a 
negative cycle has been removed. This step is not abandoned 
until a given number of consecutive searches (the number 



* The program, as presented here, has been tested only on simple hypothe- 
tical problems in order to check the correctness of the solution. 
Modifications to produce a more readable printout would not be difficult 
and would be a suitable development in conjunction with testing on 
realistic complex problems made to check the efficiency of the program. 
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"NH" entered in the data) are unsuccessful in revealing 
any negative cycle, 

6) Find and remove negative cycles using a finer approach, i.e. 
starting searches at vertices not yet involved in any cycle 
yet examined (FLOWl Part B, Step 2). '*Point 4" for calling 
SCRIBE occurs every time a negative cycle has been removed. 
This step is abandoned when there are no vertices left at 
which to start a search. 

7) Print out final solution if required ("Point 5" for calling 
SCRIBE) . This solution has the minimal cost flow pattern 
under the given constraints. 

Return to (2) if there are more combinations of depot 
capabilities; otherwise, stop, 

A subroutine named DECAP is integrated with the program in such 
a way that it can be used to generate all possible combinations of depot 
capabilities, starting with the capability of all depots summing to one 
and proceeding to higher total values up to a given limit, simultaneously 
taking given limits on each depot into account. 

For the reader who wishes to undertake further development of 
the program, rather than use it as it is, we shall now outline its develop- 
ment to date in relation to Domschke's programs. 

Our main reference (Domschke, 1973b) actually describes two 
programs. The first, called FLOWl, is the one we chose to adapt to our 
purpose. The second involves searches for shortest paths, presumably in 
an attempt to improve efficiency when working with very large networks; 
we did not feel the necessity of this more sophisticated approach. 

Program FLOWl treats a completely general antisymmetric network 
in matrix form. This means that the real flow network is assumed to be 
already augmented by its reflexive image, which has unit costs assigned 
to its links equal to the negative of the real unit costs. This also 
means that every vertex in the network is assumed connected to every other 
vertex. Moreover, both upper and lower limits on the flow on each link 
are accommodated. 

Since our scheduling network has a very specific sort of struc- 
ture, with few links compared to the large number possible in an abstract 
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network, we took Domschke's suggestion to arrange all the links in a one- 
dimensional list rather than in a matrix. This eliminated the problem 
of introducing flags to indicate matrix elements Chat were really active; 
It allowed us to use parallel links between the same pair of vertices; 
and it eliminated a great deal of computation in the object program for 
calculating the location of matrix elements in the computer memory. 

Thus, we modified FLOWl to handle vectors instead of matrices; 
and, following Domschke's suggestion to accompany this modification, we 
replaced his CYCLE procedure, which is the same as his earlier ZYKL DIJKSTRA 
procedure, with his ZYKL FORD procedure. 

Several other simplifications resulted from the special structure 
of our scheduling network and the zero lower limit on the flow of each 
link. Step 1 in Part A of FLOWl was simplified and incorporated into our 
routine for constructing the network. Also Step 2 in Part A was shortened 
and Step 3 was ccsnpletely omitted. Furthermore, Case 2 Step 1 in Part 
B does not arise. 

However, the CORR procedure in FLOWl had to be expanded to handle 
the changes In residual capacities on links which belong to a group of 
links upon which a total flow limit has been placed. Also, the CYCLE 
procedure (actually ZYKL FORD) required a minor modification to handle 
parallel links between the same pair of vertices. 

Thus, It can be seen that the amount of development done on 
SCHEDl is already considerable and the program can be expected to perform 
very efficiently. 

The reader who consults the references should note in passing 
that the MIN procedure in FLOWl and the NEGATIV procedure in ZYKL FORD 
have been changed, in name only, to MINFLO and NEGARC, respectively. 

VIII . 3 Input Data 

The formats for the input data are very elementary. More 
elaborate formats, including data documentation and alternative modes for 
input, could be developed quite easily. 

The requirements for the data deck are described here in detail. 
A sample data deck for a three-day schedule with two sources, two sinks 
and two depots is listed in Table 36. 
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TABLE 36. DATA DECK FOR SIMPLE SCHEDl EXAMPLE 
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1, The first card in the deck contains the basic structure of the 
scheduling problem, as well as some parameters for controlling 
the program: 

SRCS: the number of sources in each day of the scheduling 
network 

SNKS: the number of sinks in each day of the scheduling 
network 

DEPS: the number of depots or haulage contractors 

DAYS: the number of days in the schedule 

DATYPS: the number of "types" of days; different types of days 
are accommodated with respect to source production and 
sink consumption, cost coefficients assigned to inven- 
tory, backlog and haulage limits, and with respect to 
the limits on inventory and backlog links. The program 
will read DATYPS sets of data up to a limit of nine 
sets for these parameters and assign them to the desired 
days in the schedule according to a day type sequence 
entered later in the data. 

Z: the largest fixed-point (integer) number the computer 
can store in a normal storage location; or a smaller 
integer which is larger than any the program could 
produce in its computations. 

RZ: the largest floating-point (real) number the computer 
can store in a normal storage location; or, a smaller 
real which is larger than any the program could produce 
in its computations. 

NH: a parameter which may be varied to optimize the program's 
efficiency : this is the number of consecutive unsuccess- 
ful searches for negative cycles which must occur while 
starting these searches at each vertex of the scheduling 
network in order as they are numbered, in order for 
the program to switch to the routine of selecting 
vertices at which to start these searches as those 
vertices not yet involved in any negative cycle. 
With our simple example (Table 36), which has only 
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twelve vertices, NH=2 has been best. For larger 
networks, it is conceivable that larger values might 
be better. Certainly, however, the value must never 
be more than the total number of vertices in the 
network. 
SCRIBE: a vector of five elements, each given the value T or F 
(true or false), to indicate whether the program should 
call subroutine SCRIBE from Points 1, 2, 3, 4, and/or 5 
in the program in order to print out the solution. 

The format for this data card is: (515, 120, E5.0, 5X, 5L1) . 

The next seven items (2 through 8) are repeated in the data 
deck once for each day type. The order of these data sets in the deck 
yields an identifying number for each day type: the first set is for 
day type //I, the second for day type #2 and so on. These identification 
numbers are used later when the day type sequence is entered. 

t^ First, as many cards as necessary, with five sources allowed 

per card, are used to enter each source's production for the day. 
This is the net output in the scheduling network, or the gross 
daily output in the distribution network. Each source must be 
identified with its production by a number from 1 to SRCS . 
This identification number precedes each number giving a production 
value. Each source must have a same identification number in 
all further data; this number is also used to identify sources 
in the printout. 
Format (5(15,110)). 

3. As many cards as ncessary, with five sources allowed per card, 
are used to enter each source's unit cost associated with the 
network link carrying inventory over the the next day. Each 
cost coefficient must be preceded by the source's identification 
number . 
Format (5(I5,E10.0)) . 

*5f- As many cards as necessary, with five sources allowed per card, 
are used to enter each source's limit on inventory carried over 
to the next day. Each limit must be preceded by the source's 
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identification number. 
Fonaat (5(15,110)). 

5. Next, as many cards as necessary, with five sinks allowed per 
card, are used to enter each sink's consumption for the day. 
This is the net input in the scheduling network, or the gross 
daily input in the distribution network. Each sink must be 
identified with its consumption by a number from 1 to SNKS . 
This identification number precedes each number giving a 
consumption value. Just as for sources, each sink must have 
the same identification number in all further data and this number 
is also used in identifying sinks in the printout. 
Format (5(15.110)), 

6- As many cards as necessary, with five sinks allowed per card, 
are used to enter each sink's unit cost associated with the 
network link carrying backlog over to the next day. Each cost 
coefficient must be preceded by the sink's identification 
number. 
Format (5(I5,E10.0)) . 

7. As many cards as necessary, with five sinks allowed per card, 
are used to enter each sink's limit on backlog carried over 
to the next day. Each limit must be preceded by the sink's 
identification number. 
Format (5(15,110)). 

8- Then, a group of cards numbering SRCS times DEPS times the 

number of cards used in item 5, 6, or 7, is used to enter the 
unit costs associated with the haulage links from the sources 
to the sinks (by means of trucks from the various depots.) 
For each combination of sources and depots, as many cards as 
necessary, with five sinks allowed per card, are used to enter 
the cost per truck-day of delivery to each sink. Identification 
numbers need not appear on the cards, but the order of the cost 
coefficients must follow these rules: 

a) For each combination of source and depot, the cost coeffi- 
cients must be entered in order for sinks number 1 to SNKS. 
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b) For each source, entries must be made in order for depots 
numbered 1 to DEPS. 

c) Entries must be made in order for sources numbered 1 to SRCS . 
The sample data deck in Table 36, which has the identification 
numbers entered in "non-data" fields of type X, illustrates 
this order. We repeat the illustration here for emphasis: 



From source 1 using depot 1 
From source 1 using depot 2 
From source 2 using depot 1 
From source 2 using depot 2 



m. 



ii. 



unit cost for sink 1, unit cost for sink 2 

unit cost for sink 1, unit cost for sink 2 

unit cost for sink 1, unit cost for sink 2 

unit cost for sink 1, unit cost for sink 2 

For combinations of source and sink which are not to be connected. 

the unit cost must always be entered as the value of RZ. When 

the program sees this value for a source-sink combination for 

any depot or any day type, it removes all haulage links for 

that source-sink combination for all depots and all day types. 

The format for these cards is: (5X, 5(5X,E10.0)) . 

After the data which may depend on day type have all been entered, 

the coefficients used to calculate the fixed charges assigned 

to depots are entered on as many cards as necessary, allowing 

two depots per card. Each depot I is given two coefficients 

called CFIXA(I) and CFIXB(I); its fixed charge is then calculated, 

each time it is given a limit on the number of trucks it can 

supply in one day, as CFlXA(l) plus CFIXB(I) times this limit. 

The coefficients must be entered in the order CFIXA(l), 

CFIXB(l). CFIXA (2), CFIXB(2), and so on. 

Format (AE20.0). 

Next, as many cards as necessary, allowing five sources per 

card, are used to enter the daily limit on the total number of 

trucks that can visit each source. Each source's limit must 

be preceded by its identification number.. 

Format (5(15,110)). 

As many cards as necessary, allowing five sinks per card are 

used to enter the daily limit on the total number of trucks 

that can visit each sink. Each sink's limit must be preceded 
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by its identification number. 
Format (5(15,110)). 

12. Then, as many cards as necessary, allowing 80 days per card, 

are used to enter the day type sequence. This is just a sequence 
of numbers, the first number identifying the day type for the 
first day in the schedule, the second number identifying the 
day type for the second day in the schedule, and so on. The 
number of entries is DAYS. In the sample data deck (Table 36) 
the three-day schedule sequence is repeated the whole length of 
one card: this was done so that different runs could be made 
with different values for the parameters DAYS*. 
Format (8011)**. 

13. One card is used to direct the mode in which the program generates 
different combinations of depot capabilities (daily truck limits). 
By entering the letters "ENUM", you direct the program to generate 
all possible combinations such that the total capability of 

all depots is less than or equal to a number NMAX, which is also 
then entered on this card. Individual upper bounds on each 
depot, entered on the next card (see Item 14), are also then 
taken into account. For example, if there are three depots 
given upper bounds of 2, 1, and 3, respectively, the program 
will run repeatedly with combinations of depot capabilities in 
the order shown in Figure 60. 

If NMAX is entered as (or blank) or larger than the sum of 
the upper bounds (here 6), the program changes it to the sum of 
the upper bounds . 

On the other hand, if letters other than "ENUM" are entered, 
such as "SPEC" then the program would run repeatedly with 



* For example, by changing DAYS from 3 to 6, a constraint which says 
the schedule must repeat itself at least every three days is being 
relaxed to say it must repeat itself at least every 6 days and a more 
economical schedule should be obtainable. But we pay for a longer 
schedule with more computing. 

** It is this format, which says every day type identification must be 
a single digit number, that causes the limit of 9 on the value of 
DATYPS mentioned in Item 1. Of course, other limits are imposed by 
the dimensions of the array storage space. 
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FIGURE 60. ORDER OF ENUMERATION OF DEPOT CAPABILITY COMBINATIONS 
BY SUBROUTINE DECAF WITH THREE DEPOTS AND UPPER BOUNDS 
of 2, 1 and 3. 

combinations of depot capabilities which you enter in the data 
(see Item 15). The number NMAX is then meaningless. 
The format for this card is: (A4, 16). 

This item applies only if "ENUM" was entered under Item 13. As 
many cards as necessary, allowing five depots per card, are 
used to enter the upper bounds for the capability of each depot. 
In order to limit the automatic generation of different combina- 
tions of depot capabilities. Each upper bound must be preceded 
by the depot's identification number. 
Format (5(15.110)). 

This would be the end of the data deck if "ENUM" was entered 
under Item 13. 

This item applies only if "ENUM" was not entered under Item 
13. For each combination of depot capabilities with which you 
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want the program to run, as many cards as necessary, allowing 

five depots per card, are used to enter the depot capabilities 

in the combination. The capability of each depot must be preceded 

by its Identification number. 

In order to stop the program neatly (i.e. without incurring an 

end-of-file error), the last combination should be followed 

by a dummy combination in which depot number one is given a 

negative capability. This negative value indicates to the 

program that it must stop. 

Format (5(15.110)). 

This would be the end of the data deck if "ENLfM" was not 

entered in Item 13. 

It may be noted that the sample deck in Table 36 does not have 
"ENUM" entered but rather the letters "SPEC"; so that the program would 
read the cards following to obtain the specific combinations of depot 
capabilities with which it is to run. 

Whenever, in the above instructions, it Is stated that data 
associated with certain sources, sinks or depots must be preceded by 
the source, sink or depot identification number, then the numerical 
order of the sources etc., need not be followed when entering the data. 
In fact, the only place where the order is important is in Item 8. However, 
it is good form to use the obvious numerical order to make sure that no 
data are omitted. 

VIII. 4 Limits on Data due to Array Storage Dimensions 

This information is provided not only to warn against data that 
are too large, but also to indicate how the array storage dimensions could 
be changed to accommodate larger data. 

We shall refer to arrays by their symbolic names, as used in the 
main program. For most of them, this is the same as their names in the 
subroutines. 

For brevity let: 

u = number of sources (=SRCS) 
V = number of sinks (=SNKS) 
w = the larger of u or v 
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a = number of days (=DAYS) 
p = number of depots (=DEPS) 
t = number of day Cypes (=DATYPS) 
pt= p times t 
ap= a times p 

n = total number of vertices in scheduling network = a x (u + v) 
nl= n + 1 

m = twice the total number of links in scheduling network* 
(n + apw <_ — <xi ■¥ apuv) 

Then the following list shows the smallest permissible dimensions of the 
arrays. The arrays are listed in order as they occur in the storage 
declaration statement in the main program : 

R(n), LOC(nl), C(m). SN(m), EN(m); 

D(n), DP(n), ST(n), ET(n) . PZ(n) ; 

RC(m), DAY(m), DEP(m), RDP(ap), RTL(n); 

FD(n), ID(n); 

DL(p). DPCP(p), SUM(p), RL(p); 

CP(m); 

lJ(w), FC(w), ICP(w), ICPR(w), FCR(w), IJR(w); 

ISOL(u,v). CPM(u,v,p), SRCTL(u), SNKTL(v), DATP(a) , SNKP(v,t). 

SNKC(v,t), SNKCP(v,t). SRCP(u,t), SRCC(u,t). SRCCP(u,t), TC(u,v,pt). 

CFlXA(p). CFlXB(p). 

Thus, the minimum storage for a problem of a given size can be calculated as: 
uv(l+10a+p+pt) + (u+v) (3t+l) + 6p + ap + a + 5w + 7m + 6, 
including the five-element array SCRIB. In addition, 26 elements are 
required for nonsubscripted variables.** 

With the array dimensions shown in the program listing in Table 
36 the total number of elements required for variable storage is 16097. 



* The number of scheduling links is multiplied by 2 to obtain m, which 
is actually the number of links in the entire antisymmetric network. 

** Note that this discussion is in terms of standard elements or "words" 
of storage which must be multiplied by the appropriate system-dependent 
factor to get the quantity of storage in terms of bytes or bits. For 
example, in the IBM 360 system there are 4 bytes or 32 bits per word. 
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VIII. 5 Program Output 

The output is best explained by example. The printout obtained 
by running the data in Table 36 is shown in Table 38. Before we discuss 
the printout in detail, note first the layout of the data which subroutine 
SCRIBE produces for each day of the scheduling network. The general 
form of the layout is shown in Table 37. Each day has three tables: 
one table for haulage links from sources to sinks and the various depots , 
each line showing the data for one link and its reciprocal (the reflexive 
image added for purposes of the algorithm) ; a second table for Inventory 
links connecting sources to themselves on the next day, each column showing 
the data for one link and its reciprocal; and a third table for backlog 
links connecting sinks to themselves on the next day, similar to the table 
for source inventory links. 

In each line or column, the first and last entries (under the 
heading SRC or SNK) are the identification numbers of the source or sink 
at the ends of the link. Moreover, in each line for the haulage links 
the middle entry (under the heading DPO) is the identification number 
of the depot concerned. Thus, it is easy to tell exactly where each 
line or column fits into the schedule. 

The flow on each link is just the residual capacity of its 
reciprocal: in each line for haulage links, this is under the heading 
CP(JR); in each column for inventory and backlog links, this is under 
the heading CP(RARC). 

The other data in these tables are of no interest to the user who 
is not concerned with the internal mechanism of the program.* 



* For the record , the significance of the other data is as follows : 

ARC or J = the identification number of the link in the entire 
scheduling network; 

RARC or JR = the identification number of the reciprocal link; 

NOD = the identification number of the adjacently listed 

source or sink as a vertex in the entire scheduling network; 

CP() = residual capacity of the link identified in the parentheses; 

C() = the unit cost assigned to the link in the parentheses; 

DEP() = the number identifying both depot and day for the link 
in the parentheses . 



364 



TABLE 37. LAYOUT OF DATA FOR ONE DAY OF THE SCHEDULING NETWORK 
AS PRODUCED BY SUBROUTINE SCRIBE 



Day number 
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ings 



Headings 



Data on first haulage link; data on reciprocal link 
Data on next haulage link; data on reciprocal link 
Data on next haulage link; data on reciprocal link 
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Now, turning to Table 38, the printout is almost self-explanatory. 
First the input data are printed out, just as they were read in. The 
headings for this part of the printout are reasonably complete. Since 
SCRIB = TTTTF in this example, the scheduling network is printed out by 
subroutine SCRIBE from points 1, 2, 3 and 4, but not 5. Printout from point 
5 would be just the same as the last printout from point 4, or from point 
3 if point 4 never occurs, or from point 2 if neither point 3 or 4 occurs.** 
Note that the headings used the term "production" for both source produc- 
tion and sink consumption; and the term "holdover" for both source inven- 
tory and sink backlog. Also, the terra "daily truck limit" is used for 
the limits on the total number of trucks that can work out of a source 
or sink, as well as the limit on the number of trucks that can be 
supplied by a depot (depot capability). 

The data in this example are purely imaginary: they are not 
intended to be realistic. A total depot capability of 34 trucks would 
not likely be considered for a system with only two sources and two sinks, 
and a scheduling period of only three days is unrealistically short. The 
example is for purposes of illustration only. As to "short" scheduling 
periods, however, note that each day can actually represent the aggrega- 
tion of a number of real days. 

Since the depot capability generating mode is not given as 
"ENUM" (but as "SPEC"), the program takes the next data as the first set 
of depot capabilities with which it is to run. This is printed out as 
"depot daily truck limits" following by total depot fixed charges calcula- 
ted by the program from these limits. 

The output from subroutine SCRIBE then follows. Each time 
SCRIBE is called, it prints a heading showing the point from which it is 
called. The first output from SCRIBE is of course from point 1, which is 
just after the entire antisymmetric network has been set up. All flows 



** Neither point 2 or 3 or 4 would occur If the constraints were so tight 
that no solution was possible at any cost: then the program prints 
out the message "solution infeasible" and goes on to the next set of 
depot capabilities. If point 2 occurs, then neither point 3 or 4 would 
occur if the initial solution found by the program had optimal flows 
on its network links. If point 3 occurs, then point 4 would not occur 
if the first stage of the search for negative cycles was thorough enough 
to eliminate the need for the second stage (as in the example shown 
here) . 
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TABLE 38. PRINTOUT FROM SIMPLE EXAMPLE FOR SCHEDl 
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are zero, as can be seen under the headings CP(JR) and CP(RARC) ; so the 
total cost calculated by SCRIBE from the scheduled flows is zero, as 
can be seen at the end of this schedule beside the heading "total netflow 
cost." The total system cost at this point, following the heading "total 
netflow cost plus fixed cost" is just the total fixed cost. 

Note that there are no haulage links from source 1 to sink 2 
as the unit cost for these was entered equal to RZ . 

The SCRIBE printout from point 2 is next, just after an initial 
solution has been found. This schedule has flows on its links such that 
all production/consumption requirements and all truck and holdover limits 
are satisfied. From this point, the program enters the first stage of 
the search for negative cycles in an attempt to reduce the total cost 
of these flows. 

Four negative cycles were found in this stage of the search, 
as can be seen from the fact that SCRIBE was called from point 3 four 
times. Each of these printouts by SCRIBE shows a reduced total cost of 
scheduled flows. The last of these printouts is followed immediately 
by a new set of depot capabilities printed out by the main program. 
Since the indicator SCRIB asked for printout from 4, it is apparent that 
no further improvement was possible on the solution shown in the last 
printout from point 3. That is, the second stage of the search for negative 
cycles revealed no such cycles, point 4 never occurred, and since SCRIB 
did not ask for printout of the final solution (from point 5), the program 
went directly on to start again with the next set of depot capabilities, 
which it read from the data. 

The second set of depot capabilities eliminates the use of one 
of the depots by giving it zero capability. The capability of the other 
depot is raised enough so that its own limit is not an active constraint. 
The purpose of trying such a set of depot capabilities would be to see 
if two depots were really needed if one could be made as large as desired. 
This time SCRIBE was called from points 1 and 2 just twice from 
point 3; again, point 4 did not occur. The last solution printed out is 
not followed by a new set of depot capabilities because the next set in 
the data was a dummy set with a negative value for depot 1, instructing 
the program to stop. 



This last solution, which was the optimal flow for the constraints, 
uses a maximum of 34 trucks from the "unlimited" depot in one "day". This 
is indeed less than the capability it was given of 50. We may then recal- 
culate the total fixed cost for this schedule as 31400, which is smaller 
than for the preceding case where two depots were used to their limit. 
The sum of this fixed cost plus the optimal cost of flow, 242000, however, 
is 273400 or slightly larger than the number, 267700, obtained in the 
preceding case. It appears, therefore, that it is not economical to 
eliminate the first depot. 

The significance of this difference in cost is likely larger 
than at first apparent since the second depot probably cannot be as large 
as desired, and with two limited depots an even smaller cost may be 
obtainable by trying different limits. This is why the program contains 
the option of automatically generating all possible combinations of depot 
capabilities. 

VIII. 6 Program Listing 

The source listing of SCHEDl follows. Note that, although the 
lines are numbered in increasing order, the numbers are not necessarily 
consecutive. 

The listing contains some references to itself as "OPTFLO" as 
this was one of the names used for it during development. 
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C ^t*.******** PHOGHft^' l-HTfin ***** 
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D'l 005) V = 1,SnK3 
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►^ f. A LI ( *j , *» 1 f ) ( 1) A I P U ) , L = 1 . A V 3 ) 
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Wfc AD ^Sl'J^OKl,^f^A^ 
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, (I^'^(^00*)^) 
uPHlOlOO 
Uf'f i)Ml \0 
nfJf oni(>0 

,UPF-0(U iO 
t'PfOfll'lO 

OPFl"M»)f) 

i>Pf uOW) 
OPF 0'> I'ifl 
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tjHF'Of'l'^JS 
liMF OU 1 9h 
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uPPdoiOO 
liPFuoilO 

itf.'Hiiiii(» 
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(ik'f (111 JOS 
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I'PFUUft IS 

OPFo.'-a^o 

OPFf:i)u^O 
ni>F fiO'iqO 
lif'F nrmSO 
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Ui iit"i<Al K l?f:t'OT CAp.\.-iILiT IF3 



c I N I [ I A L [ / 1 t- u t* i; h ^^ c .\ p 

i<t Au ts. '-0 i) (in-(i,i)i. ([rn 1,1 = 
•^ -^ 1 r f: ( o , V c: ? J [ ( ' p .1 , 1 ' L a- F ) , I. >' 
j = u 

H'l OO.Vi [::l,uN 
005S J = ,l HJL C I) 

II- (:■'-■ AX .li r . J .(i4.N'w\y ,Lt. ,C)NmAX = .» 
IM) 1 Oi'O I = 1 , DfJ 

L=<) 

00 10 10 1 = 1 ,0N 
UL Cj)-wl CJ)*L 
L=Lfl'L( J) 
lOlO J=J-i 
N = 
t)A = 

ALL = .f--M.St", 
r.Ol (UMOO 
C HE'olN'Jl M- Of Mil; LOOH . 

2 5 Kr .-^il C'-.,''')i) (0"u,i/PtP(OPi') , r= UOfct'S) 
It- {Ml" t"H ( 1) ,L I , iljfifOP 

2100 CALL ijf PCAP 
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^ iiui LI- 1 '."I..'- i ' 'L^- ; A \( 1 ) tLt- 1 xr ( 1 ) *f- LiiA r (opi:p ( n ) 
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ir(iSOL(Ul , V D) GO TO 0050 

u = Ul *U?. 

un 00U4 Oi'i'=UDtMS 

J=J*1 

SNtJ)=V 

(;(J)=R2 

10J=IUJtl 

OLH{ J)=IOJ 

Wi)H(IOJ)=UHCP(OPO) 
00«9 IjAYU)=L 
OObO CUNlINUfc 

J=J + l 

SNlJ)=V 
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SU{J)=V 
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(ipf- 0'i'l')() 
ui'FOlC'JO 
UPF (Jl l)l'J 

r)P^■ou■*?o 
clp^olo/iO 

OPFOlfi'ii) 

OPKOIO/O 

fil'f-'O 1 t)>)f) 
PJ'f I il^O 
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UPFOl'lSij 
(ipF f>) «^() 
IJPF 1 u*,S 
t?Pf fi 1 ';70 
rPFrija/s 
r'fF 1 't"0 
i^l'Foi a*»o 
fiPFd IS'Vl 
OPf Ol'ali^ 
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OPFfi^^un 


t ,0) Gl! 10 OiSO 
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'f& c 


fCLfc , 


riK'Ffl^titJO 


WPD) INE A^ L) r.o 11.. in 
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'1 'j 
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1 1 1 ^ T ; ■ 
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S i S TALI. t. V C. L f ( IJ ) 

IF ( .M T ,r YC) r.u 

MI -f•lI^^■Lll ( rt,i' ) 

] I- ( ;j L I' nu J ) k: fi L. I 

GO 

If (inv ) ,L 1 .Pi*) 

S y 4 C ( I '■ ■ T 1 N 'J fc 

(ibbu ciM^'iiM't: 

C F L ^^ IS ^- Ll W n P T 1 :-'.', L 

IF (.'H.K!H(S) jr.tl LSCklnE. fS) 
f.nTL)c>000 
9944 hM 1 r W., V(jno) 

C** >.**********•***« FiIPhaT:? **•**************# 
OS KiK',-Ai (SIS, i^ii,e s.n, I '. n,bx,SL l I 

09 1 roi' i-'fil (SHi.s^?(.s, 1S,S]<,(J1-S')«S, IS,'5X,/jh|jF.PS, IS.SX.yhnAYS, Is,sy,^ 
IS/ ^hU^-, Ui'. , 5(.iA, iHN/r, int.?. 1 , 1 0X,3HNH = , I*,, 10:>.6Hbf:«lH=,SI 
Hn/]bhOO,\I;i ^la^ DAY T VPF, ] S, ,^H. . ,/l 



TO i)b3S 



FD(V)=n 



*P3 
9O? f;i 

9 'I 
'y 'S 
09 6 
9 U 7 
090^* 
09 9 
09 1 11 
091 1 



A1 f 

F(;,'f M tSllS, 1 10) J 

F 1 1 k h fl T ' :J ^ H S 1 1 ;■> c ^ 

i-'<rf ■■! (. "i f S ( J S , S. ] " . 



?1 



fiik'- Ai iiuh .s,i,i.-rt" 

f- il-^'A I (POM ;S JN^ 

F lili'-fll (^ /H ,^1 ^|K 

FI'P- "A T ( ^9-4 S ; ?■ K 

t i 1 ^ ( 1 rt 1 ( ^ ,^ H (. l> b 1 



) 



CTni\, skcpci/(ih ,b(is,no)); 



iNii COST, sHC.ro/dH ,'w IS, iPt-- 1 n. 31 ) ) 

HOlIM^VI S' L UJ 1 ,.S N(:fP{ )/( IH ,'^{ IS, I 1 ) ) ) 
I'Wf.'OliCT f i.i^j , Sf hi' ( } / C 1 H , •^ { TS, 1 1 ) ) 1 

HOI f.invtH i"i;.si , sr.Kf t ) / ( 1 M , s ( I s, 1 1't: ! n . 3) ) ) 
'!llLi■;f^^f■^ ii'-u, .s-.Krr ()/( iH ,SfTs,iinn) 
PLt- 1H(.C>- -t;AY, LISTING SOljt^CF, n[HOT, I HE w 



09 1 ^ f f'fi''-'iMSi< fSC.'i, L 1 ') . (1 ) / (S *, S t'-.x,F 10 
09 13 F I ;-.(;/. I ( 1 M , I r" , I 3 , S ( 1 '^ , 1 f M i> . 3 ) / ( 1 H 
091 S ^ (!,. KAT ( t^'bhriifl I ;. ,SA^ | I ('(> ALL [>A VS , 

* SPC IL ( )/ ( 1 M ,S(P1S, S' ) ) ) 
09W. riit'VAT(3?H ^I'JK i;,',!L> It-'uC''. LTMl, .'^^^K^ L ( ) / (1 H 

I ii'Jr-.iT ( 3^H Ufi-'OT iMlLV Tfd.rr. iirjl, fJi'C L' ( ) / ( 1 h 

F r 1 k M A T ( f* ] 1 ) 

H'Ki'aT(?t)HonftY HPF Sf"t:i:f MF, LftTi'()/( if ,ho] 1 )) 

Fij,.'-AT f Au, lf>) 

tAPA^-IL^V (-f. I.E. •• AT IM; MUPE 12 , 



V AS' It) I 

n) )) 

, S>*'S( ]S, IPf 10, 3) ) ) 

./SUHOSOUWCP lUILV TKDCK lIM[1 



091 / 
091P 
09] 9 
09?0 
O'J^l 



, s ( ^ 1 s , s X ) ) ) 

, S ( ,' I s , S X 1 ) ) 



H DFPOT 


f'M ' 


F-"l;<Ff) C 


-Ai-M.r 


OARt.LS 


- II 1 



^ i ^--AT ( 3 /HOi^ tMiT 

* IS) 
C9?P F(ir r A 1 ( 3'5^■'0^ 4 x I 'i 
09;^3 F (..^-M T ( 53H 1 iiT AL 
P9P^ r Lu-MA T { uF. ^0. II) 
09^S f iM. -AT (33'-i(ih IxFh 

*3'i A;-,L 1 'i.'..,SH PI iiS, t 1 S.h, P^' 
90 00 Flit'-iA T f ^LlMOSilLljT ill'- 1 VF f AJ, iMt F ) 

^ii('» nil r I'.f fvr.iiTt (II ) 
C RdL TF ( N ) F ! MiS 4 PATH F •■'!■■ n , kM j f.M imj; 
C »-HI CM MAS -vf, F[i, AS l.f- Cir J i.'Fi'- I ;. j; u L p 



> Ti-UCK IT^-IT, PL()/(1H ,S(?!S,S 

F.ir nrpina is.Fis. 7) 



AH , I 1 H WITH N" A !( = 



KF_ LALLLL'MF f'/ ( 1 ?H ..F(1-V 
Ti^tS IIS iU.ILY T^UCK LI- 



0FP(,1 
IT )) 



I", 



* VF 



ri), 

l"' A f. T 



Tn 30"F unoh 

A . . THIS IS 



V 
(HJNF 



Off iT,' / n, 

( . p I r ^ / '- n 
I'Ct 0^ /*,r. 

u ( ' (- (■),'? / I ) 

I'lr't rv /'■■ii 
(IFF iV7''ri 
UFF ilf'^'fu. 
UPF ft?M ii) 

(iPF fiP' ift 

npt ii^rwi.-; 

(IPf- O^f-'JS 
UPF rttJ-^SO 

OFF fV'Wl) 

[)pf n^>-»to 

OFTOPf-'JO 
fiL(- I. ^'V> 
UPF 0P'y3i 
t'PF 0P9;in 
fJPF 0?VS(i 
I^PI OPW'.ii 
liPFO?':' ^l) 

nPF03i/n 

LPF(i3'.'iO 
YLPf- ii33'.(i 
(iPF n ii-<)i) 
OPFfiiUKJ 
UPF 05.1 e'f^ 
OPFO.vlid 
tih'F u ■4-a(.; 
npF 3'JS:> 
!)Pi- Oj-fibn 
nFF0 3'J7n 
n P r 3 J H 

OPF ri3'i9rF 

SOi-T 03Sf'0 
nPF03Sl I) 

oPF03s;'n 

ru'F 5S so 

, nPf- n3S40 

OPt (I3SS0 
UPF OiShO 

nPF 03S7r 

()PF03S"0 
nPF0 3S'^'J 
nPF 03600 
,nPF ■■^3hnS 
nPF03^0h 
nPF ' 3M 
OPF rtlb^li 
OPFfl.^nin 
f)PF (iSt^'tfi 
(1PF (J ^(,US 
nPF(i3')7n 
OPF 03h90 
(if'Fn-<,7i)(i 
OPF 03 /I 
OPF f 37^'i 
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C BY 

C hHE 

C FIR 

C flK 

C AHt 



C HHt 

ooos 

0008 



GO 



0010 
00?'} 



oo?s 



C THF, 
SO 



C IF 



c sue 



GO 



CONSTWtlCI ING 4 Tya. l-'nC.TfO AT U. 
Kf. PAKALLtL At^CS Ant OCUl-f- TFHt-tJ t'FI^tLN i PA 
ST PNt «ITH flt.SinUftt. CA^'ACITY IS Cl'OSFN. 
ST Al.l. SDCCt SSONS nf II Aivf l4HM,Ltl3 WITH Il>=\, AM) 
LAUtLLElJ 11^ = ^. in IS LEVIL Of THFt ON i-.mKm \IVM: 

cuMMLNiidoo) ,L'ic( 111 n,c(?oof>),sM ^ii^io ),!-'. (^y 00), f),/ 

CUMM[iN/WOUTCll/FiMl 00), in( 1 00} , V, I '.Ft AS 
C[J"Mmt/CCIHlWlVCPl?nA0),OtFS,WZ,CF IX 
iNTLbFti H,SN,FM,/.FI1.CH,0FPS,U,V 
Lur.lCAL iNFfcAS.NtlExr 
iNf FAa = . THUt . 
N INt-tAb bf-CU''tS FALSt, A MATH HAS HFtN C f'l^PL t I F . 

nil ooos 1 = 1, N 

I LM I) = Z 
It) t U ) = 

iAhci=Luc(u*i )-^ 

I 1=L0C tu)tl 
I?=ll-1 ♦Ot.PS 

I=f N( U ) 

DO noio J = l 1 , \?. 

IF (C{J) .t'J.HZ) GO 

Il)(I) = l 

H( 1 )=J 

IF (FD( 1 ) .Gt.O) 

V=I 

iMh t. AS=,FALSF, 

Cnn I iNL'F 

If- ( l^.h'J.IAkC t ) 

I l = Wt\ 

i^=i2+oePS 

(ii) TO OB 

J=[^+I 

If- {C(J) 
I=FN(J3 
I { I ) = 1 
f*(U=J 
Tf^tF HAY 

Oil 100 h = ^,'il 
NUF XI = , THl't , 
NUFxr WtMAlNS TWUF 
K1=K-1 
[)tl OOMO I = ),N 

If- { Ii){ 1 ) .f'f ,K1 ) r,(t i{i no(*o 

A f.UI'F HAS HFtN FOUND CdNNFCTtO I'M LtVtL K-1 
CESSOH NOT Vt T Cn'iNFCTfcl) 

n=t(ir(i) 

lAKCl =1 flCC I + J )-l 

i)U 0'i74 .1 = 1 1 , lai.'Cl 

IF (C(J) .tit >^) i;n TU (1079 

I^=KN(J) 

IF (iixi^) .1.1 .?) '.n rii ou/9 

IIM I^)=K 

W( t^>=,l 

Not «T = .FALSt . 

IF(Fn{ I^) .bt.O) f.n Itl 79 

V = Ic? 

IN^ t a:; = ,( ALbt . 

HbTUHN 



' 0^ ■iljDtS, THF 



ft! I 



OThFw r-fnor 

If t^rONNFt 



,Fi;.W7) Gu 



TO 0010 



TO OO20 



TO f)025 



TO f^OiO 



hAVf^ V" ru N-1 LfcVKLS 



THIS f'FANS 1^0 PATH F.xTL'-*03 TO LFvFL K 



LOdK t L)H A 



(IPF 
nPF 

UMF 

s ncF 
TonvF 

UPf 
Ot-'F 
UPF 
UPF 

nPF 
npr 

OFF 
OPF 
OPF 
l>PF 
OPF 
OPF 
OPF 
(iPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 

npf 
nPF 

OPf- 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
npF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 
OPF 



"5/50 
0^7«0 
0?7SO 
Oi/hO 
5 7 7 
137^0 
0^790 
OSHOO 
O^HIO 
0.ift<>0 

OiHUO 

(tiftso 

OiHbO 
OiH/O 
iHHO 
0ifj90 

390 
05910 

^9^0 
5950 
039"0 

n59So 

4960 
3970 

n 39H0 
3990 
'I 
il 1 
U ') ? 
'■! 5 
4 U 
(I'JO'SO 

.i / 

f> a H 

1 9 
'I ID 

im n fi 

OU1/?0 
u 13 
nj t«0 

0U150 
0«lfeO 

oai7n 
oaifio 
0U190 
0Ji200 
O'i^lO 

n«^SO 
0U?(JO 

il'i?50 

I) u ^ h 

OUgl 

nu^RO 
oa^90 
11 (1 ^00 
a 5 1 1 

0U3^0 
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007 
008 



C Fl 



9 etc- 
CON 
1F( 
0100 COM 
PhT 
KNO 
FUN 
NDS M 
Ct'^' 

CUM 

INT 
r\ = Z 
I=v 

J = l* 
IF( 
1=S 
IF ( 

NIN 

HF. I 
tNl> 

SuH 

C CllHHtCI 

C0^' 

COf 
INT 



TIMIE 
Til UE 
NUE. XT) 
T INL'E 

llHN 



rffTURN 



CTIHN MlNFLn(ll,V 

:-ON/CO'-lIWlJ/Cf (.30 



) 

C't^'AClTY OF ^'^;A>JCHf5; 






HPIIT 

■non ) 



F K f-!<n 



■1 II TO V 



0010 



1 1 ) 

C^J( JJ .UT .«) 

N(J) 

I .NE .U) GO 
F L IJ = K 
IIKN 



K=CP(J) 

TO 10 



C J IS 



LOC- 
I? = 
0010 J= 
1 = ^ 
I 1 = 
IF C 
Ml = 

pa = 

IF- t 
IF ( 

A 
IM- 
r^OP 
RTI 
HTL 
l=U 
CP( 

IS Th 

S IU = 

t^Tl. 
kJL 
CP( 
IF ( 
VI St 
S L = -S 

K=l 

DO 

lAk 

lAW 

DO 



C J 

oas 



C PE 

00b 



UT I*JE ClH^PdJ, V 
FLIlw Dfl PATH F 

N« ( 1 Oil) .i.iit: ( 1 
N / r u s k c / h- c ( ? (I 

0) ,HTL( 100) 
^/C^^'IW||/C^'(^0 
t. M w , S f-: , F f; , 7 , t< 
r-'ltp, WTL 

Al, P1,P<1 



^) 

J) 
(J) 
( n .L 

1 .I.F-. 

?.i.T . 
.AMI, 
. U 4 . f 

ANSPn 

P(.J) 

J1=H0 
1 )="T 

r')=^T 

J) 

= CPC I 



) 

WOM U TO v., FLO'' 15 
1 ) ,C (?00n> ,3f"(?0"0 ) ,E' 
00) fOAYtaoOU) ,l)FP(?00l 

oci) ,iu:ps,hz,cf IX 

C,UAY,DFP,SPCS.5NK3,'^' 



PI. lt:T 

^0001 






JKl)A.'i, Ml , 

HniS,CP/i)KPo,ii, v,oj, V I 



E .0) Ctl )=-CtJ) 

S N K D A S 

S^■'' i)A3 

P ? ) 1= U I 

/?) i;o 

4T At^t E n 



0OS5 

ro ooHS 

fi'^ ;KiURCt III SINK 



('ft; IP 
P(J) 

1 )=ht 

= t f ( J 

(.1) .L 
('AS»S 

(. (. s t 1 

7fl \r J 

I 0( ' V 

/^ Ji) 



PC(jJ)-H[ 
LC U )-fiI 
L( IPl-cl 

)*-Ml 

MOCAL ''f- 

P ( n J ) t M r 
L ( I 1) + >U 

L ( I f' ) t "" I 

)-Ml 

F.o) C (J) 
ALL T>^ft*JS 

= t ,L 
J)tl 

Vj + t )-^ 
= I A W C , I A t. 



'; oohS 

A t P /. N S P n R T 



A!<C F ■^O'" ^IIUI'CE Til ;; I NK 



plih r 
) 



1,1 



A :-( c s OF A y 



P F 
I J P F 
UPF 
(IPFO 
n P E 
UFFO 
PPFO 
UPFO 
iiph (J 
[iPF 
UPF (J 
'IPF 
DPFO 
OPFO 

n)'^ n 
nPF 

ttPFO 
[■PF 

ni'f' 

MPF 

iipr n 

(iPfO 
t'PFO 
tiPFO 

lipp;' 
(j'f n 

flPF 
OPF n 
OPF 
OPF 

(Iflf. i1 
(.pro 
t]pf n 

OPFO 

itPF n 

tTPFO 
(U'FO 

.-iprn 

OPFO 
ilPFO 

!iPFn 

OPF 
OPF'! 

cs'h n 
QPFO 
OF'F 
1,1 PEO 
OF F 
OPF 
ilpf- 
OPF n 
OP!- 
*^ F 
fJPFO 
nPFO 
I ) H t- 
OF'F 'I 
OPFO 
OPF fi 



Ui^O 
'j3«0 

'15^0 

a^70 
'lino 

'i:wo 
y '1 

iJ'4 10 

■■1 '4 * 
U'llO 
1 '1 '3 
'I U f> I) 

4'i ;o 
iiii3n 

'i 'I <) 
/I'jOO 
■iSl 

as^n 

'IS JO 

US'lO 
1^50 
'tShO 
'1 S / 
'ISHO 
J5'J0 
U&OO 

■ lo.tO 

■J 6 *! 
'16/0 
'IfiHO 
'i^tfO 
17 
4710 
1720 

'i;^a 

'I 7 'I 

a / s 

'176 
'i 7 7 '} 

't7ao 

■i7*>0 

/(HOI) 
'Ull 

'JM5 
a M /J 

-l^t^O 
tlHbO 

Dp /O 

yHMo 

'1 " •) 
y"0 
'I'M 

a'vo 



0075 

oo;b 



0100 



irj=HTL( VJ) 

IK ( 'I'J.l.t ,tO Gil tn 0075 

IF ( I"J.LK, r;) Git IM 0071 
I N J = I H 

U (iHJ.Le.O) G.T !n 007S 

00;a iK = f<K {t^'(JO)) 

!»■ ( Iwj,i;T,IH) (i-* J = Iw 
IF t WJ.r.fc. t ) CO 10 O07b 

C I JO}=HZ 
CI- t JO) = IkJ 

GU III 

C J IS A MCI fllVt- W ARC t-il'i 

oop^> ct'( J)=i;>^(j)-^1 

IF (cn.n.Lf ,0) C(J} = 

IF ( II .fciJ.U) PF.TlirtN 

I?=U 

GO 10 0010 

sut*^<oiiHNt cvcLFCj) 
C A fk^cto^(«^ fou Fir^.tr g 

C GPAPM... AD^PTfc.) H*{''i iMI 

C SOMF Mijt)lF ICAUn."JS "ftvfc 

C fACH PAIH Of NUI!fS... IH 

C SH1'HTE';>T t't^lN Atr,iJ*Vl1»'' 

C This SiiL*f.niPT 1st IS ^-AHHi 

r, JT CALLS SlM^^OuIlNf 'JH;a 

C(. -tM.i^j- (100) ,L"(: ( 1 f'l 
Cti'"-irN/Nt lie vc/i>i liio) 
IMKGfw w,s- ,t'., /,sr 
Li?(. iCAi i;Tri: ,p 
Mr = o 

C a = ,F ALSE. 
[)0 0010 1 = 1, 'I 

i) ( I ) = ^ 

ST ( 1 )=0 

00 10 H( n = o 

U('..)s0.0 

IAnC=LI'C(R1 
lAr.Cl=l ^ICd^t I )-l 
C FlWSr FIND 3H0i*U.ST PAt* 

Du ooeo j-if'^c, 1 AMc 1 

N = K'i(J) 
Hi' = C(J) 

IF (Sn.GF ,OlH)) GO 
H(f-) = *J 
C NEGAI Jvt ('( n I^i'L W S !' 

C Tt ST f -'H t.i >;M I vF AhC 

U t 5l^.l-^" .0 ,n ) t;r 

C Alio Nu.'f ►• in SF I T ^l^a^. 
IF ( ST C u) ,h.t-_ .0 ) uil 
P/(M)=1 

S I { -1 ) = ■> I 

Fl (-1 )=H 
OO^O Cl* ■'UN IF 

I F ( ►^ I . I F. . •; ) GO 



100 
A SDUWCt (jH A SINK 



»7. 



A NFGATlvf CYCLF I^* A VALUEi) (Mt^FCTt 
f'SCH«F"y ALGOL ('KnCFOl'MF. *?Y»'L t-OHU* 
(ifcF.N Miot- 70 ACCOUM FQW rhLTIHLt akL 
F PkOCflMiWt USF.5 IHfc fiPPfJOACH UF F()RD 

ijN' POMsCmkL'S •Gt'Uf.'Of'f^OZESS* ( " a I j p 
t,C hMlCH IS '^AScO el^ OO^SCHKF. 'S •PPOd 

) , C { ■? y ) , i> '1 ( ^ n c I , f N ( ? ) , 'J , Z 
,i)P(100),ST (100) ,t M 100),PZ(100),'>T/C 

,rT,H?.H,(4,M 



S TO 0*3 Sl'CCf.SSOHS 

TU 00^0 
IS I'. St I A 



TU r.o^o 
S3 IT IS Al uk:\u1 Ti'FfiF 
10 0«!" 



IG 0.1 ^ I) 





iiPFn(i<* 10 




(n^F O'J'i^^iO 




'lp^ nuvso 




DHF O-WhO 




flF-FCiy?*) 




Oi-'FO'iqRO 




llPI- 0«4«*0 




OHF osnoo 




fprosoio 




nPFOSn^jQ 




ItPFOSO iO 




C'l-'roso.io 




OPFObO^O 




llfF ilbOhO 




OPFOb070 




n»'F OSOHO 




OPFnso»jo 




QPFOSIOO 




(1 f' k '» 1 1 




GPFO-jl^O 




npf- osMo 


n MiiLTl- 


iipFnsmo 


■ • > 


ili'FOSISO 


S flFT-FF 


■aiPFOSlhO 


'S 


tiPFflS170 




Di^F OSlf 


t^OCtST). 


(^^>^ OSI'^U 


Fpitt**, 


UPFO^,?00 




OPFOS^IO 


YC.H 


nv'Fos??'! 




!,lPF.:)s^50 




llPFli'3c'«0 




Ut*KO=.?')0 




'3PF 05^60 




IiPF ^3^70 




nPF osie^'O 




OPFn5<*''0 




UPF 0*550.-) 




PPFOSllO 




llPF 051*^0 




flPFrSiiO 




nPFOS^ao 




UPF DS^SO 




DPFOS^hO 




OFF P'vWO 




OPF ITS 'jHO 




;ipF AS1<)0 




opF'isaoo 




(iPFOSll 




uPFns■4^o 




UPF (IS'MO 




Gf'F (lS'l-4i> 




(JPF O'iObO 




(JF'F O'sUdO 




UPF (jS'I70 




IIPF nS'lHil 




(iPF nsuyn 




riPF 0S5O0 




OPFOSSI •> 




UPF Qb'iP.O 
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CALL NEGAPCCQ) 

If (CYC) kE Iut<N 

0050 P=.FAL5t. 
C TEST tALh NOI.'t I as PAWT OF an iMptjnvtP PATH TCI TTS SUCCKSbOWS FRO- U 

DO 0060 1=1, N 
C IF NOOE 1 15 Nm IN SET A (,u ON TO I + l 

IF (f<(l ),GL.O) GCi TO 0060 

C REMUVt I FHOM SET A 

H(I)=-h(I ) 

lAfvc = i nc(i) 

IA«C1=L0C( 1* I )-l 

DO 0050 Jrla^C, I ARC 1 

HrfM(J) 

SU = lJ(I ) + C(J) 

IF(SU.GE.D(Mn GfJ TO 0050 

0(H)=Sli 

H(H)=-J 
C NEGATIVE P(H) IMPLIES h IS IN SET A 
C P TELLS ^METht^ any Paths havE HEEN shortened in main PROCESS 

P=.THUE, 
C TEST FUk NfGATlvt ARC 

lF(C(J).&E,0,{i J GO TO OOSO 

C ADD H TO SET T UNLESS IT IS ^LhFACV 
NE,0> GO TO 0050 



THERE 

IF(ST(H) 

HT=MT+1 

Sr(M)=KT 

ET(MT)=M 

P2(H)=I 
0050 CONTINUE 

IF(hT.LE.O) GO TO 0060 

K=I 

CALL NEGAHClK) 

IFtCYC ) RETURN 

0060 CONTINUE 

IF(P) GO TO 0050 

HETUhN 

END 

SlIBPnuTlNE NEfjARCtP) 

COMMtiNR(ioo),LtiC(t ni ),c (r'pn(i),SNOoiiO),EN(2nno),N,? 

COMMON/NKCCYC/PC inoi.OI't 1{10),STC1UO),ET(100) ,P7( 100),MT,CYC,H 
INTEGER R*SN,E'.,Z,ST,ET,P2,h,P,H 
LOGICAL CYC 



OP(I )=C{-R(I )) 



IN T AS PART OF AN IMPROVD PATH TO IIS SUCCESSORS FRHM 



DO OOOS 1 = 1 ,N 

DP(I )=0.0 

IF (SI (I ).NE.O} 
0005 CONTINUE 
C TRY EACH NUDE 
0010 I=EHMT) 

ST(I)=0 

MT=MT-l 

R(1)=-R(I) 
C NODE I HAS NUh HEEN RtrOvEO FRJM SETS A AKO T 
I AWCsLOC ( I ) 
IARC;=L0C( I+l )-] 
DO 0090 J=I AHC. ] AWr 1 
h=EN(J) 
SU=D(I J+C(J) 
IF(SU.r>F.li(Hn !;0 TO 0090 

n(H)=su 

C PATH fUO" TU H nfS HEEN S-OR ^ E KT D . . . TEST FOR CO'*PIFTI0N OF Nt G CYC 



OPFOSS^O 

PPF ns'iijo 

UPf" flSSSn 
OPF OSS*iO 
l.lPF0SS7f) 
IiPF 0S'.>«0 
(iPFflSb^O 

ORFOSf.! n 
OPF<'Se,>() 

P F 5 f- ■i n 
(iPFOShiJf) 

oPFnSbSO 

0PF05f-(,n 
0PF0567n 
OPF0'^^PO 
OPF05690 
OPF05700 
OPf 05710 
OPF 057^0 
OPF057^0 
0PF057'JO 
0PFn57S0 
OPF 057^1 
OPF 05770 
OPF05 7«0 
aPFll57<^0 
OPF05i'0n 
0PF05«10 
OPF 05H?i) 
OPFOSP *0 
OPF OSPai) 
OPF 05*^50 
OPF05ft^>0 
OPF05H70 
OPEObHHn 
OPF OS«qo 
OPFOb^JoO 
0PF054! 
OPFOS^f'O 
OPF05'J^0 

opros'i'in 

OPF f)5'JSil 
OPF05yhO 
OPF 05970 
nPF 059H0 
O0PF059U,) 

OPF06npn 
OPFOb" 1 n 
OPF 060?() 

oPFOfeo'sn 

OPF06nuo 
OPFdhfi-^n 
OPF Ohrifan 

OPF Ofi 7(1 
OPFflfrflAO 
OPF ObOPfl 
OPFOhlOO 
OPF OM 1 
L ')PFr,M ?n 
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su=t)pn)*c(j) 

IF (su.ni- .o.fi) f,o ro ooho 

IF(H,NE,H) GO TO 00^0 
C C*6t 1 tNCUUNIfWLI) 
H(H)=J 
B = M 

CYC=.THUE. 
KETUHN 

0020 IF (up<H),r,f .o.n.t^w.nf CM) .Lfc .su) r.o 

IF (t-Z lH).C,t .PZ< 1 ) ) l.U TO COSO 
B=l 

Ki=pz(n-P?(H) 

DO OOiO K=l,Ki 
0050 h = SN(HCbn 

IF(h.Nf.M} GO TO OOSO 
C CASt 2* tNCUUNTtWti) 

R(H)=J 

CYC=,TRUt. 

HE TUHN 
C OrHfK^ISE CASE PH AS FOLLOWS 
C IF H NOT IN I (htn Ann it IN... ELSt MOVE 
OOSO Kl=STtH] 

I f ( M , E I; . ) 



TO OOSO 



1 I TO t^.'D pnsi r ION, 




GO 



TO 0070 
10 007S 



^ 



QObO 
00?0 



c A no 

OOP" 
OO'JO 



U ( •< 1 , E iJ . M T ) 

H=t f (Ktl) 
ET(K)=ij 
ST(R)-.SI (H)-l 
MT=MT+1 
ET CMT J=H 
ST CiOzMT 
007S OP(M)rr.n 

PZ(H)=P^( I )+l 

H TO A 

H(H)=-J 

CONT INUE 

If- (^T.GT .0) 00 Ti. OOli) 

WE IlikN 

END 

SUHt>nOTINE SCf'lilf-' (NO) 

COf'OfjW ( ioo) ,LOC ( 1 nn ,c (pooo) »SM(;?non) , t ^{^noo) ,M, 7 

COMMdN/cOKHCD/hC C^OOn) ,D4¥[20(Vn ,nhP(?000 l,5''rS,SN»vS,5N»(nAS,Ml, 

*Hnf CSO),WTL( H](l) 
CO-'^ON/cn^'lHii/CK (^f)0,'i) ,0tr3.HZ.("F IX 

CO'-'i-ON/s(.>*icn/ 1 j(S),m;[S) , irf^{S) , icPf^(S) ,n «(s) , i,!i*(si ,rosT,naY.s 
* DAys,uwv 

wWnE(b,Sj ^0 

r=S'-KOAS 

MAh-s V = l 

COST =0,0 

00 O70O L=l*nA¥S 

NHI TFCw 10) I. 

SOUi<Ct SiN't '.'!Ci "Ml iMfT'v WEC IP^'OCALS 

DO obbo ui = i,riHcy 



oPFo^no 

OPFO'il'lO 
OPFf^MSO 
F F *) I h 
OPf-0hl70 
ncF'itiiaO 
OPFOM-JO 
tiPF Oh^OO 
|)1'FO*,^10 
iiPF0h(>20 
0?f tMj^SO 

r^PF nf,<>so 
opf oh^60 

OPr 06370 

n.'F O6?P0 
OPf nh?^Q 
o:nOb500 
nPF tih510 
lipf 0hS20 
OPf 0(,i50 
0Pffl6i40 
0PFr.6^'>0 

op^ Of) jf>n 

C-PFO&'570 

opF- o'li^n 

fiPI- Oh 590 

OPF ohano 

OPFObUlO 

OFF iif.a;^o 

LIPf- OhiJ ^0 

uP^ nti'iao 
nPFOhijso 

OPf Ob') /o 
OHF nf)aHO 
OPF oh'i'in 

0PFf)h50i) 

opf Of-bi n 
OPF nfjS^'O 
OPKOfiSiO 
OPKOfiSi'l 
OPf OK-S^S 
IlPFOfiSSh 

f ' F h S « 

, OPF n^sas 
lOPF i-.hS'if> 
OPFOhS^O 
OPF iWjbbO 
0PH'hS70 
oPFOhsen 

Of'Fi)/.S90 

OPF (ifiono 

OPF 06fcl f) 

OPF ohh«>n 

OPF(ifth"\0 
OPF r-h^yo 
OPF fihbSn 
OPF<i6660 
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k. 



1 = 1 + 1 

j = Lur ( 1 )ti 

IAWC=l nc(I ♦! )-? 
0650 1)11 UbuO DPU=1 .iJFPS 
JW^kC (J) 
Vl=l-^( J}-MnAY 

IF (CP{.ja).Lt.O) en TO OhiS 

CnST=CnST-C t J'0*Fl.C;aT(Cf'{J'V)) 
06iS Kknt(b,?n) l'l,I,J,CtJ),C^'(J),Dt^^(J),op<| 



['i'^(Ju) ,C 



r,0 



Ar.l) 



OhUO J=J+1 

06S0 LUMlNUt 
C SOUHCK MOLDOVKt^ ^►iCS 
1 I =MAkMJ 
00 ObhO U1 = 1,5''CS 

ii = nti 

J=LUC( I 1 )-l 

J^' = HC( J) 

IF (CP(JH).LE ,0) GO 

C^l.ST=C^b1-C(JK)«FL0ATCC^'(JH)) 

l.KUl J=J 

FCdJl )=C{J) 

irt'd'i )=CP(J) 

FC^^dM )=C( J^O 



(,iM),c(.ni, i> 

F 'a J ) , 



TO 06tO 



TO Ob 55 



OhSS 



OhbU 



«W1 TF (b,30) 

V, w IT F ( ^ , U ) 
h^^I ft ^^,■5^J) 
*-Kl Tt (fi/bO) 
wun t ( f)/ 70 ) 
i*wi It Cb,ftO ) 
Wkl IK(6,9u) 
WiM Tt (t-, 100 1 
ha>VKij= I ♦ I 
U 1 = I ♦ 3 -J C S 
1* k 1 I F { o . u ) 
►ih'I TF (b,iS) 



(Ml ,U1 = 1 ,SRCS) 
(I 1 * Il=^■aWKU, I ) 
(IJ(Ul ), 1(1 = 1 ,SRCS) 
(FC CUl ),U1 = 1 ,SHCS) 

(icPdJi ) ,ui = i ,s<ic$) 
(icpwdii ) ,ui = 1 ,sk(.s) 

(FCWCLM ) ,Ul = l,Sf't.S) 
t [ JR(Ul ),Ul::l ,SHCS) 



( n 

n I 



i*-C.S 






SI 'JH r-l I OfivFH 
I 1 ='-AWh;v 

nn ufc70 V 1-1 ,SM<3 
i i = u + i 

J = LOC CI n-1 

J^-HCiJ ) 

U C(;p(.iH),i ^ .1) ;;u 

C'isT = {Ti.sT-r ( jN) .FLO.', r (CP(JW) ) 

1.1 Cvi J=J 

F( ( VI )=f (Jl 

ILP(V 1 )=CPC J) 

ri>'w( VI )=cp { jw) 

FC"(VI )=C( J- ) 

IJk(v1 )=J» 



TO 0*1*55 



Ob(^b 



Ob/!) 



V. « i T F { b , 1 1 ( ■ ) 
"PI IF ((^, 1^'M 
'■■ k 1 f t. ( ^ , I .S I'l ) 
w. 'J r T F ( f> , I y I ■ ) 

w>Ji T^ (b, IS ) 

►> '< I I b ( 'i . 1 b ' ' ) 

"PMt (", ! /") 



( / 1 . V 1 = 1 , S ^ »■ S ) 
t i I , 11 =".1P'V V ,.J1 ) 
( IJ ( V 1 ) , V I = 1 , S N f. S ) 
(f r- I v 1 f , ^ t = ) , 'j ^ ■* 5 1 

( n ■' t V I ) . V 1 = 1 , .s'.>- s) 

t 1' ■■■■'( V 1 ) , V 1 M fS-.-S) 
(M - (\. ) ) , Vl = l .S'.-^")) 



OPFObb/n 

QPFObbbO 
OPFObb'IO 
ijpH!b7no 
n>'F0b7l 

OHFilM7 5iT 
PPF Ob/iin 
, GPFOb7S0 
V 1 (ji'F ;!h7bO 
nPFOb/70 
UPF 0^ /flO 
OPF 06 /90 
UPFObHUil 
I'PI- ObHl 
OPFflbH^O 
f) P F b H 4 
Ql-F (ihH'lO 
DPI- ObMbil 
(I P F f) b H •-) ■■) 
OPFObH/0 
OPF ObfSf'O 
CI P F n (, H >? i) 
n P F b -^l 
t) P F b 't 1 
OPFOhQao 
U P F b 9 S 
CjPFUb'^'lO 
npFOb'J '_)'.) 

ciproh'vu 
a P F h ^ M n 

0PFUb94i) 
(J P F 7 
UPF070 10 

n p f- 7 ;» I] 

UPF'J70 ^D 

nPF'i /'i/.o 

OHF 7050 

Cipro /obo 

OPFO/ORO 
pPFr; 704fl 
(iPF07 10'l 
C1PFU71 10 
(1PF.l7I^f> 
nPF07I ^0 
P F r, 7 1 '1 
OPf 07150 
0PF()71bi) 
nPF0 7i/0 

n p t n 7 1 H 

P F II 7 1 9 
CiPFO TdOO 
()PF07?11 
0PF0 7?P0 
IIPF il/^^ 40 
UPF07(?'lO 
OPF 07^50 
OFF /■?(!■> 
OPF 7? 7 

OPF n/^ hi 
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{ IJ'UVl ). Vl = l ,SN«3) 



(11 ,n=«ft'"«v, Ji) 

(vl,vl = l,S'.'vS) 
COST 



■i A ». K V = J 1 ♦ 1 
J1=J1 f.-iWS 
^ 1- I I f ( h , 1 ^ ] 
OVOll «hi Mt ( 'w 1 1*5) 

Ct)ST=l'n.ST tCf U 

..k*! rt (h.r'oi )cn.'jT 

coos ^U^'MAT{*?SHlSCt IHf: Cil-Ul' f K"'* FUIM,!?/) 

-DPf! OFIM./i'') [.''(Jt*) i;(J^) RAt'CJK ^Pr) 3NK1 



r.p(.ij i>FP[,ii 



oo?o 

00^0 

0OUi> 
00^0 



FllWHAT ( IH ,1>>X, Sl-t.^l^^h I'J.?. Ih, l-i,^\'i»lH),iPr.l(i,?,UX,il'i) 



SKC, lOUH) 

s-<(;. 1 DUn) 

•I'li), 1 IJl lu ) 

fttir , 1 n no ) 

c I '1 t^ '; ) . 1 >' ( 1 ^' f- 1 
r p ( ■'. - c 1 , 1 '"' n ) 



<?)] 



n 1 H^ K A I ( '» H n 

KiifiMAT (yn 

0070 Flih-fr-AT (9ri 

OOBf) HiKHAT (yM (V('- Awr 1 , 10 1 If) ) 

0090 Fi]fiMATC9M C ( M A.- f ) , 1 n ( I PM .^ ) ) 

OlOO Ki'il'HAT CJM Pfi^^C , 1 I 1 ) 

0110 f-OHMAT ( IHi). -^stX,'^'-' 

01 1 b FitHHAT ( IH , ^OJC^M 

01 ?0 MliniA 1 MM .?')\,'*H 
, ^ (' < , y H 

,£'-i!' ,'^" 



p)) 



?)) 



S '; S , H n ) 
SNK.fl 10) 
►■PO.PI 10) 
A^'C<^^I 10) 

C(fti'i: ),rt(iPi:io. 
c ^^ ( i ^- r ) , t' U ) 

C>-Cf..\''' ) .«! 10) 

c (^^ft' c ) .'^C it'Kin 

KAf-C.^l 1 (1 ) 

KUnMA I ( lHi)/r^Hi) 101 c. I. f-.y U 1.0 a CUSI , 1 Pt 1S.7) 
f Lii^MAT ( 19H PI. rS t-Mt!> CPST = , IPL t '3.7) 

tM) 

SimHOhl INF K^PC fiP 
C GFNFRAteS ALL f-i"'3Sl"l.f C'.N-it U- AT I Cif-S OF nrrPOT riPAfULtTIES 
CU1^'fM mi = Mjt-iir-« OF '■FPPIS 



01 iO 

01 ao 

01*30 

OlbO 
0170 

OlPO 
0^(10 
0(>tH 



FltKMAT ( IH 
F i'KV-1.1 r ( 1)1 
FUhHAl ( IM 
f U "r M A T ( 1 M 
(■IWMAT ( IH 
FO^'MAI C IH 



■y'i 



1 f> u 



in S'l 



10 10 



,:A= ."U Pn I '.,Y-' 

rL=:;i /i I. I'UI 
1)C= ;u/t 
■JsTi.TAL SWt 

N M A .« = " A Jl 'J 

Cr-^MU'./or.Pf >M/t^L (US ) , 

liililCAL AIJ. 

U (i.'A,*,f 40i"''Ul'l04(^ 

IK (N.L T,^^ A« )i„.!010r'0 

•M l. = .»'Jt)t. 
HI. I ilUN 
^^ = ^♦ 1 

I) A = 1 

] =.-1 I f V ( nl. ( 1 ) , '--^ W ) 

SMM(1 )= I 

Guroio^o 

rr ti'A)=in: (' ^ )-i 

Sli-"(IA )iSl'' (OA 1 - 1 
:KbU= --50^ ( .i) 

l,)A=l)A + 1 



I'f. (OS) ,I'N,'4'1A A ,N, Al.L»Slif'(0'3) ,«L ( ri':)) ,IM 

[ ,SI.M 



CPrn72<)0 

nPFii/ioo 
t)PFn7"tlO 

O^F()7.^^0 
OPF')7S«0 
nPF07SS0 
(iph / ^S'l 
{1PF0 7 5SS 
{!*■?" MbO 
I1PF0/.47O 
nPF07irtO 
OPf fl7 i90 
[JPFtl/'lOO 

OP*- n /fiiO 
oh-Foyuis 
upF.i7/j;?o 

ftPF07'JS0 

OPF /a'lO 

nPF0 7iJ50 
IjCf ll7'160 
(.■PF07')70 

OPFIMftO 
ni'FO7U90 

Of'F 0/^00 
;jFF07S10 
(.IP^0 7S^O 
C^F07'>50 
iipFP7S'tO 
D*'F07S70 
UPF r)yf<Hli 
OPF O7'i90 

riprfi 7-°'i5 

OPr 0/400 
OPfO/OIO 
OPFrt79?0 
(.Ff 79?0 
iiPFO/9'iO 

Ot F f)7yso 

(,:-'f- ^DnO 
nPF /<J/0 
nPFd ^MO 
iiPi- f^ /**V0 
(Vr fiJ'OOO 
nFFii^nto 

(iTFOf^OiO 

fii'; o«0'io 
nF'Ff>«i)''0 
r;.PF oi'Oft.o 
nrf 'W.07O 

iiF'f ij''nvo 
noiiHino 

OF-f 0^)1 10 

uFf i'ii{?n 

OFF OH 1 10 
I'PF 0^ lnO 
OPF CW^ 150 
IIPF* P W>0 
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Si!''' (DA ) .-.Sii^-' f iM- 1 ) + I 
If^ IIIA .L I , ii'O '.UlfM O'lO 

1070 1 = 1 ^ncdJA) 

l)A = l)A- 1 

U (IK (DA) ,f.T,0.a^JO, [ 

IF- C L! fl . G T . I J G t ) I U i / 
1 Ofil) (M = !> 

t't TURN 



LT.PL(nA) )f^ETiJf<N 



(It-'f 


M I / 


n^'f-' n 


f tflf> 


^F^^ 


>' I'JO 


ni->nj<^n,-) 


Dt^K^! 


f^^i I) 


^}p^ll 


'^v^y 


fi^f n 


•V"^n 


i;t-'f 0H?4fl 


(iPK r. 


-'^SO 


U^'FO 


'),^fin 


(if-i-n 


''p /n 


(iPKHc^PHO 


u^■^ OH,'9o 


UPt- 


'i ^ I) 
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APPENDIX IX 

COMMENT FROM THE REGIONAL MUNICIPALITY 
OF NIAGARA ON THE NIAGARA STUDY 



APPENDIX IX 
COMMENT FROM THE REGIONAL MUNICIPALITY OF NIAGARA 
ON THE NIAGARA STUDY 

The following letter, written by Mr. E. R. Simonen, our major 
contact with the Regional Municipality of Niagara, expresses concern 
primarily over the format of the program input. The reader should be 
aware that the difficulties he describes occurred before this manual was 
written. Our awareness of them strongly influenced the design of this 
manual. If the engineer/planner studies this manual he should now have 
no such difficulties, as we shall explain. 

Item number one in the letter discusses the difficulty that is 
unavoidable when trying to set up a model and the data when there is 
no manual such as this to guide you. 

Item number two discusses the problem of dealing with uncer- 
tainty in the data. At the present time, the most effective way of dealing 
with this is to compare the different results obtained with different 
data modifications. Although there is no quantitative measure available 
at this point for the influence of the uncertainty of a given piece of 
data, practical conclusions can be drawn simply by selecting solutions 
that are relatively stable with respect to the data modifications. 
This approach is described in Section 2.6.2 of Chapter 7. 

Item number three expresses the caution that must be borne in 
mind concerning the validity of the model and the formulation of cost 
functions. The computer program has been designed and developed so as 
to achieve the greatest validity that is possible or practical; but only 
time and use can prove whether the solutions it produces are advantageous 
over those attainable by conventional methods. All we can say now is that 
the solutions do appear to be extremely good. 

Lastly, Mr. Simonen suggests some additional items that would 
be useful in the printout of the least-cost facility combinations . These 
unit costs, etc. are easily calculated and it would be little trouble 
to include them for convenience. Such modifications to the program may 
be done by the individual user or a consultant, using the flowchart for 
subroutine LAYOUT in Appendix V. 
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TELEPHONE 685 1571 

THE REGIONAL MUNICIPALITY OF NIAGARA 

PUBLIC WORKS DEPARTMENT 
IBO BCRKVMAN AVENUE. BOX 302B 
ST. CATHARINES. ONTARIO 
L2R 7E9 

March 26, 1975 



Prof. P. L. Silveston. 

B & P Silveston Engineering, 

550 Glasgow, 

Kitchener, Ontario. 

N2M 2N6. 

Dear Sir: Re: Development of a Computer-Aided S'udge Study 

File D. 13. 00.93 3 

The following is submitted as a criticism or evalua- 
tion of the ALL02 computer program. This evaluation is 
based on the writer's involvement in the supplying of data 
to test the program with an actual situation and the review 
of results, and so may be interpretted as criticism from a 
user's point of view. The following points are noted as being 
the major areas of concern: 

1, The major area of difficulty appeared to arise from 

a lack of clear understanding on our part of what form our in- 
put was to take. Once this was resolved, the data was pro- 
duced quite simply in a relatively short time, once basic cost 
guidelines were established. It should be noted that this work 
was done by untrained junior staff (1st year University of 
Waterloo engineering students). Difficulties in the format of 
the input were also encountered; a matrix presentation con- 
solidated over 300 pages of data into an easily readable and 
more understandable format. It is expected however, that 
difficulties of this nature are to be considered nomnal in the 
development of such a system, and will be resolved by the 
user's manual, and interpretation and costing advice provided 
by consulting engineers who will apparently be using this 
program. 

2. There should be established in the program as an out- 
put, some form of sensitivity index to the variables in the input. 
Two examples are given which illustrate the need for such 
considerations: 
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REGIONAL MUNlCIPALITf OF NIAGARA -2~ 

Pr of. P. L. Silveston - cont'd. March 26, 1975 

i) sludge volumes from individual plants are difficult to 
predict when significant changes in process occur. 
The almost simultaneous provision of secondary treatment 
and phosphorus removal at one of the larger plants 
in Niagara Region is to occur in 1976. Sludge pro- 
duction is at best an educated guess. If this were 
to occur in another region, at one major plant, where 
the only other facilities were smaller plants, the 
choice of disposal method could be seriously affected. 
It is therefore suggested that the limits of sludge pro- 
duction in which an answer is valid should be at least 
approximated. 

ii) The transportation costs were based on estimated 
rates and assumed loading/unloading times. (These 
latter are better described as time required to conn- 
ect or disconnect a tank trailer from a tractor. ) 
These can be significantly affected by many factors 
outside the control of the ultimate user. Again, some 
estimate of the effect of changing costs, travel times, 
etc. should be noted in the output. 

I. As the basis for selection of optimal solution is economics, 

it may be useful, if it has already not been done, to have the app- 
roach reviewed by specialists in this field. It may also he advis- 
able to seek the advice of those involved in private industry in 
comparable shipping operations as to the nature of problems 
which have not been foreseen or other complications that could 
deter from the validity of the program. 

4. In the summary of the data, for presentation purposes, 

it would be useful if unit costs were given. This should be in the 
form of a weighted average cost, and the cost for each facility. 
This would point out those plants where particular efforts should 
be made to concentrate sludge solids to reduce volumes. 

The above are, I believe, relatively minor criticisms 
of the approach and without commenting on the computer techni- 
ques, it appears that this program and approach with some refine- 
ment and more understanding and contact !)etween user and pro- 
grammer will be a useful tool in providing economic solutions to 
the problem of disposing or re-using sewage siudges. It has also 
been pointed out that the program is not limited to sewage sludges, 
but could also be used for locating and costing solid.waste disposal 
systems. ■ 

Yours yery /ruly, 

ERS/asb E. R. Si^nonen, P. Eng., 

Pollution Control Division 
Engineer. 
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APPENDIX X 
GLOSSARY AND SYMBOLS 



Algorithm 



Constraint 



Distribution 



- a procedure or formula, usually expressed in terms 
amenable to computer programming, which is distinguished 
by the fact that it shows how to obtain a solution by 
performing only a finite number of basic computation steps. 

- a restriction, in the form of an equality or an inequality, 
on the extent to which variables may be varied in order 

to create alternative solutions. 

- the flows on all the transport links in a material flow 
network; when associated with an optimal solution, it is 
optimal for the given combination of facilities. 

- a treatment component other than a source. 

- adjective describing that which satisfies all constraints 
and demands, 

- the first coefficient in a fixed-charge linear function 
that expresses cost as a function of size or quantity. 
This is the point where the function appears to intercept 
the cost axis. 



Fixed-charge linear - adjective describing a function y = a + bx if x j' 0, 

but y = if X = 0. 



Facility 
Feasible 

Fixed -charge 



Global cost 
minimum 



- the point at the bottom of a depression of a total cost 
function, distinguished by the fact that any variation 
within the constraints of those variables, which may be 
varied to create alternative solutions, from the global 
minimum will increase the total cost. 
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Local cost 
minimum 



- the point at the bottom of a local depression of a total 
cost function, distinguished by the fact that any very 
small variation of those variables, which may be varied 
to create alternative solutions, from the local minimum 
will increase the total cost. 



Material flow 
network 



Objective function 



Optimal 



Potential facility 



Primal (dual) 



an abstraction which models a system using two kinds of 
components : transport links and treatment components , 

the total system, expressed as a function of the variables 
describing a solution; its value to be minimized by 
finding the appropriate value of the variables. 

adjective describing that which is best according to 

some criterion, eg., that which incurs the minimal 

cost or is most desirable while conforming to all 
given restrictions. 

a facility included in a model so that it may be used 
in the solutions; if a solution allocates any flow to 
a facility, then it is considered used in that solution. 

in reference to linear programming, the primal problem 
is the problem at hand, identified by the problem 
variables, the coefficients in the total system cost 
formula, the coefficients modifying the variables in 
the constraints , and the numbers representing the actual 
limits in the constraints. Every such primal problem 
can be changed into a dual problem, whose solution is 
easily related to that of the primal, by the following 
transformations : 

problem variables - coefficients in constraints 
coefficients in constraints - problem variables 
coefficients in total cost formula - limits in constraints 
limits in constraints - coefficients in total cost formula. 
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Primal -dual 
algorithm 



Progranmiing 
(computer) 



Programming 
(linear) 



Programming 
(mathematical) 



Solution 



Transport Link 



Transportation 
Problem 



in reference to linear progranming, an algorithm for 
obtaining a solution by repeatedly alternating between 
the primal and the dual problem; in special types of 
problems the solution is obtained most quickly b> this 
method. 

the creation of a set of instructions for input to a 
computer in order to make it perform a desired schedule 
of operations, 

a type of mathematical programming which is applicable 
when the cost of a solution is linearly related to the 
variables which are varied to change the solution. 

the use of mathematical techniques to create an optimal 
design, schedule, or program, by systematically exploring 
the relationship between alternative solutions and 
their cost. 

a facility combination, perhaps including a possible 
sludge flow pattern from the sources through the 
facilities, 

the abstraction of the transporting of material from one 
point to another, or possibly just a representation of 
the possibility of transporting. The amount of material 
transported on a link, which may be zero, is called the 
flow on the link. A transport link is considered a 
component in a material flow network. 

a problem which can be modelled as a set of demand points 
and a set of supply (or servicing) points, with given 
quantities of demand and upper limits on the quantities 
of supply, the question being to find the material (or 
service) distribution pattern between the two sets of 
points such that the total cost of distribution is mini- 
mized, as determined by a total cost formula that 
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Treatment 
con^onent 



Unit cost 



Variable cost 



"Winter" 
"Sunmer" 
"All-year" 



involves the quantity delivered between each pair of 
points. When the total cost function is linear, the 
problem can be solved quite efficiently by a special 
type of linear programming, and especially efficiently 
by a special type of primal-dual algorithm* 

- the point in a material flow network where 
transport links are in contact. Material flowing on 
incoming links may be treated, processed or just stored 
before it is distributed among the outgoing links. If 
there are only incoming or only outgoing links, the 
component is called a sink or source, respectively. 

- cost per unit quantity. 

- that portion of a fixed-charge cost function which 
changes with quantity. 

- in the context of the ALL02 model, summer facilities 
are those that cannot be used during a part of the year 
called winter; winter facilities are those that store 
sludge in the winter destined to go to the sunmer facili- 
ties in sunmer, and themselves have no input in the 
sunxoer; all-year facilities have no seasonal restrictions. 
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X. - the flow on a transport link from point i to point m in winter 



im 

Z - the flow on a transport link from point i to point m in summer 
im 

A - the fixed charge for the facility m 
m 

B - the slope of the cost function of the facility m 
m 

V - the ratio "total flow out/total flow in" for facility m 

m 

L - the limit on total flow in for facility m 

m 

H X - a function which takes the value 1 if x is greater than 0, and 
zero otherwise 

C* - the minimal total system cost among the solutions stored 

H* - the maximal total system cost among the solutions stored 
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